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I PAR_ I k-21 DGX_XNG T]_T SPACECRAFT

1.0 GENERAL

i.I Sc_j_: This spec[flcatlon, in conjunction with the Surveyor
Spacecraft System Design Specification (JPL No. _0240) and the Surv_..y_r

Scientific Instrument Interface Specificatione, serves to define c'_,pletely

the system functional requirements on the Surveyor spacecraft system including

the spacecraft ground equipment, trajectory, prelaunch, launch, and injection

requirements. This specification has both the purpose and the authority to
define system end subsystem functional performance requirements which, in turn,

are to be considered as requirements in the writing of equilment (control item)

- specifications. Whereas the Design Specification and the Interface Specifi-
cations (see paragraphs 2.3.8 through 2.3.1_) are contractual documents, this

specification is an internal working document. If there is any conflict
between this document and the abov_ contractual documents, the most stringent

requirements shall appl_. All ebm_Ita,o_r tl_n deletlonspas4e mabaeqpAent
to Revision D are in_Licated by _ in the left margin of this document.

i.2 General Notes

1.2.i Tolerances: Thzou6hout this specification, tolerances

are coded as indicated below. _he code designation appears as a superscript
following the applicable tolerance.

- I) 99 percent confidence ievel( 3w, RSS of twoort_ogonal Gausslsn variates)

2) 99.8 percent confidence level (3,, mingle
Gaussian variate)

3) 86 percent confidence level (2,, _ of two
orthoi_nal Gaussian waria_es)

_) 95 percent confidence level (2,, single Gaussian

varlate) /5) _0 percent confidence level (I,: I_8 o_ tvo
orthqonal Osusstan vartates)

6) 68 percent confidence Itvel (Ip, single Gausslan
varlate }

An_ tolerance or _uAr_nt not ee coded ohall be ameled u • Mxtnua llnA_ _.
sever to be exceed.

I-
......i m II l
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The tolerances specified i_ereLndo not include allowances for instrumentation

errors, test data reductl_n errors, and estimation errors due to data sample
sizes. Hence these tcleran:es will not in general be directly applicable for

use in test requirements.

i.2.2 " Infor_atiJn O_ly: Those £tems marked with an asterisk(_)

indicate numbers _nd data given for information only and not controlled by this
document. All other infnraatl,)n azldda_a not so marked are considered

requirements.

1.2.3 F_vlronment; _e performance of the equipment specified
in this document shall ap_13, _n the environment described in HAC Specification

22_L_X). To the extent _hat equipment test conditions do not simulate th_s

environment, the performance to]eran_:es allowed herein must be altered to

reflect the conditlons ,,_',test, when deriv£n E test performance tolerances,

1.2._ '_ra_e: In c_nformanee with the curvet rev_.,sioa of
the Surveyor System Design _peciflcaticm, JTL 3C_, this a]pecificaticm

is a_plicable onl__ to the Engineering Teat _¢ecraft (A-_I).

1.3 I_fiaitlons: _"_ef_llowln_ definiticns are used throughout this
specification.

1.3.1 Antenna Axis: Line through the electrical center of the
rf beam.

1.3.2 Bores,i_ht Axis: The electrical null, peak gain, or rf
_e_ center-line axis of an optical instrument or antenna, d_fined by _ard-
ware markings or optical fixtures.

1.3.3 Mile: Unless otherwise stated, this unit shall be under-
stood as the statute m_'_'e (5_80 feet).

!

1.3._ ,Miss Vector: The perpendicular distance at the moon i
between an approach as_ptc_e that would pass through the center of a massless
moon and the actual approach asymptote for a masslesa moon.

1.3._ Nozzle Centerline: A line passing through the centroids / |
of the nozzle throat and exit ar_as.

1.3.6 _ Time until response amplitude to a step
function input has reached b3 percent of the correct value.

......... [

' ,,,, , ,,,= I I " ' _i

,s-= ' ' " '"' " ' '"/'

......"-'-:.....'_-_':_:,........ ".:"'_.....'.'___;.'-::'',_._,',:_-_z_._rw_,_-.......'_-,w .................
.:.................:/.'_.".......
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1.3.7 Re_:o A,.'.tJonTime: Th# t_ interval between the ccmdLi-

I tion where the retro r%0en -o 830 _ (chamber precsAre of 65
hu

psi•) on the buildup until ',hethrust has dro_ped to B30 _ (chamber

preslure of _5 p|ia) or. the talC-off curve.

I
1.3.9 Pe:ro l_'',:ionTime: The _Ime inter_el from the retro

ignitlon si6nai and the rime that t_e retro thr%_} level hu risen to 5_OO
pounds {chamber pre||ure of 300 p&la),

1.3. ID Re=re Interval: The tlme interval between the retro

i_nition s!gral _d the sel_aretCom of the retro from the spacecraft (approxl-

merely twelve seconds after '_heend of the retro operate interval).

1.3.11 Re',roInert Wgi_.ht: Weight of the complete retro engine
a_|embly less weiEh" of r_tro propellLn%.

1.3.12 Heirs Operate ,Lnterval: The time interval fro• the
ignition signal us the retro :all-off condition at which the'retro thrust has

decayed to 3500 po_ndp.

1.3.13 Retro Thr,_mt-Tlme Profile: Retro thrust as • function, ,, =

of time over the re_ro _nterval.

1.3.14 Re_ro U_ef_l S_pecific,.Xmpulse: Useful total Impul•e

divided by the propellant, burned durir4_ the retro lnterv•l.

1.3.15 Reefs Usef_l _gt,e/ Im_IJie: The in_eEr•l or thrust _i
• function of time over the retro Interval.

1.3.16 Sensor GrouD Coordinate System: An orth_on•l co-
ordinate system _ose a_es are dei_ine,/by optical tooling targets on the

flight control sen|or _roup |upport s_ructure. When attached to the S/C, ,,
the sensor group ro 11 , pitch, and yaw axes &r_ •l_ed to the S/C roll, .!
pitch,and yaw _es, re_pective!y.

1.3.17 _acecraft Coor_e _. _ q_O_c_ft coordinate
system is an ortho_onal, rlght-he_ _esi_ e_ordina_e s_iL _Me _ree

axes, XS/c, YS/C, and ZS/c (pitch, yaw and roll, respectivel_r) are defined in
par_raph_ 1._.19, 1._._, and 1.3.21. The XT-plam is defl_ed as the plane
containin_ three points which are formed by t_e lnt_eee_l_ of l_e cent-

lines of the cyllndrt_l optical t_oli_ _e In %1_ _ltM_ ba_O tittle| with
the correspondt_ ool_m ban surfa_-_e_in%• l, _, 3 with l_m1_C% to _paee-
creft le_o l, 2, 3:) _e o_ln of the coord_L_&te IyS%II 1| • ]pl_Aat; lJl
XI-plane which is established by the interoectl_a e@ _ alt$tt_m st the _t-

_gle reamed b_ polnt_ 1, 2, an4 3. li_ht hiId mtlattelt _ _ _ ori,|in
is defined as positiye rotation.

stwrrfc_ SI_T_ _flC_t_ __ _10
_ - -

• , I=%

IIIll II III .... III - _-_ - 7:_-r.-..-_': _.... /!!Ill .... I. _ II I _ -1
_,_-_._.T_-.:_ _. ..... _-= -
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i.3.18 s
pacecraf% Landed We h%: Weight of 8/C ._&num the

t_gitude Marking Radar, _he_a_--all Vernier _ine fuel
Nitrogen gas, ond Helium gas.

e

/
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!.3.[9 _,c_tt _,!'.'_+Z__Is: _ Z_._ s,ls is definedasa line which is perpe_'_"_ %he XY-plane and vhlchU_sea t21rot_h the

origin defined in 1.3.17. The positive ZS/C direction ca in the direction of
the main retro exhaust.

1.3.20 S_ace_caft Yaw (+Y) ILxls: The ¥S " axis is defined as *
a line containing the &rigln an_ in_rsecti0n-1. The _itive direction iS

from the origin toward lef_ No. I.

1 _.ZI Sl_acee_'aft Pitch C+X) Axls: The XS/c axis is defi_ed as
a line in the XY-plane perpendiculaz te the YS/C axis, passing thro%lh the origin
of the coordinate system w}tn the positive dlr'ectlon such ms to form a right-

handed coordinate system w__ch t_e Y8/C and ZS/C axis.

1.3._2" Thruat Vecto_r: The resultant thrust in maGmitude _na

direction produced by the engine.

1.3.23 Vis-V_va Energj (C_): Twice the totg&l _er_ per ttnlt
mass given by the equatlon - !

c3 _/_ @GM= "T

_ere

R = ma_nltude of l_llti@m _e_r from the
elrth'l center to the 8/C It t_ Of
tnJ ectioIl, _m

V • magnitude of the iner%i&l Ilpee4 at

in_ection, km/sec

.3.9_o32. io5 ---,j
|@c

C3 i, e_Mml,y ,*pr,u_ In

1._._,u___ _ ,,_,,,,,,_,,_,t_, I.,=_site, from the true _s_ect_r_ pla_e.

I

i !......., [--= i

I I I || : -- L

• 4,/_," "_:'- '-,, :- _ .... ' "- .............. ' __-_V_2'_'""=_'_"....
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I.L Abbre..v_.atlons:D_e following apecial or aomewhat non-stLndard
'" a_bre_iatlona are umed in _hia apecification:

AFE._ - Air Force Eaa_ern Teat Range
i

UDC - Comm.ar_dand Data Handling Conaole

DSIF - Dee.? Space Inatr_mentatic,n Facility

' DS_ - Deep Space Station (i.e., one of the DSIF atationa)

ETS - Engineering Teat Spacecraft

g - Gravitational acceleration at the st_face of the earth (32.17_

ft/sec2) as defined by the U. S. National Bureau of O_a_d_u'_

HAC - Hughea Aircraft Company

JPL - Jet Propu!aion Laboratory

_ 0CR - Optimum. Charge Regulator

RSS - Root Su_mSquarea

S/C - Spacecraft

(_ SFOF - S_ce Fllght Operationa Facility

e

SMS - Scientific Miaalon Spacecraft _

STEA - Syatem Teat Equipment Assembly !

Ii /:
}

;_ °
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2.0 AP_XCAB_ DO_41D_

The following _intm ere qp_lleable to I_ 8peetf_eatiom _o *,,he
extent in4ieeted hm'ein.

2.1 JPL/I_A_ Documen'_u

2.1. i JPL 302_0 Surveyor System _t_ Speeit_Aes_ie_

2.1.2 JPL PD-I Surveyor/Spacecraft/launchVehicle Interface
Requlre_nts



I
_t_ 2. 4 Hutches Er:t_ineerinu, Orders

The folloalp._, Ent_ineering O,'ders {gO's} written atlainst
Revision F are reflected in ti,_s spectficat_on:

-314,_'_
514 c_,,
_14_2
_!4:_ '
_"148h
_1h84
51 =_80
32202
_{221 I

32 .'1 5
_Z,'lo
_Z2.17

'ZZl8
3221 _
51_77

_ .
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i
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3., MODE REQUIREMENTS
3.i Pre-latmch9,L

_._l,l na_ustme;.ts: Cer'_a.n_ adjustments must be made on the
spacecraft pr__ to ' _- _ _- ..,.r launch ,,:....n are a ._n_ion c: launch conditions (lunar

declination, orbital phase, landing "-_,,ea..on,_*etc.). Such adjustments should
be held to a minimum. In no event should such an adjustment have to be remade

durin8 an 8 couecutIve day launch period.

ReGulred adjustments are specified for each spacecraft

ir_the corresponding document of the series Numbered 22h562 through 225567,

inclusive; Launch Farameter Specifieation_ for SC-2 through 7, respectively.

3.1.2 Life on Pad: The auxiliary battery stand time from

uztivation to _eginnln_ of pad llfe shall not exceed 9 days. Pad life tom-

:: zen_es upon installation of S/C on Centaur and its enclosure by the shroud.

,fter or-e reins installed on the Centaur _nd enclosed by the shroud, the
3pace_r=ft shall not require artysddltional handling for I0 consecutive day|

_- (inzluding 8 possi_le laun:_ days).

3.i.5 Measurements and Da_a .Transmission: Ju8_ prior to
_ i_un_h, the foliow!ng sp_ce'_'.o.r+_param@ters shall be measured and sent to the

SFOF at JPL for use by the first DSS in a_quiring the spacecraft:

3.I.3.1 Transmitter frequency of both transmitters in both

n_rrow-band VCXO and transponder _odes.

3.1.3.2 Transmitter high power output of both transmitters.

3.1.3.3 Recelver frequency of each receiver,

B.l.3.h Temperature of the operating transmitter.

3.1.3.5 The accuracy of the frequency meae_rement8 ehall be 2100
cps and the accuracy of the teml_erature determination shall be _lOeF.



3.1._ Thermal Capab!lit_" on Pad: For safety considerations,

C_ the |hall be o_ On under shroud, Imd with-spacecraft caDable remainlr_ |tLnd,

out air conditioning for a period of 6 hours, easuming no electrical power Is

disslp_ted on bne S/C.

3.2 Laanch so Injection
•, J

I

Thls mode is ,nder g:,Idance control of the launch vehicle. It

ine] des the powered ascent and s):ro_dejection for direct ascent trajectories

and powered ascent, shroud ejec'ion, parking orbit coast, and fine.lCentaur
ignition _or parkin6 orbit trajectories.

3.2.1 Injec .ion Accurac; : The ir.jection errora jnall not

exceed _ne capabilit3 specif'led in 3.C.2 and 3.6.3 if the performance |peci"
fled herein is "_obe achieved.

3.2.2 Nominal Injeccion Conditions: The actual injeculcm
conditions will be difzerent for eech launch day and will be |iron in the

standard _raJectories. The nominal Injection conditions are U given uelew,*

3.2.2.1 For direc_ aicen_ injectioma:
|H , , m

( Al_itude : 90 /_.Mi. (167 Km) tO 150 n.mA. (a78 I_I)

Velocity : 35,650 ft/aec (i0,870 m/sec) to

36,090 ft/aec (ii,000 m/sec)

Elevation Angle (measured .from the per_n41c%tlar
to the earth radius vector) : from -_,0" %0 7,_"

Azimuth Ansle (meaaured fr_ powlre_ fllght /
! • trajectory plane) : O"

/
' Earth Polltion : aloml the llne II_m_ in Fil_u-e 3=I

3.2._._ For par_i_ orbit in_ecti_|:

altl_u41,e : 90 n._i (167 I_)

_evatlem'_e ! II.ll*

r-_.... -- - ,m .....

_'_ ' ' ' ...... ' " ' ' ' ' ' ' ..... _5

, .... l ..... .........'

,:__2
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(
Azi_ut_ An61e {measured from cout

orbi_ plane) : O"

Earth Position : within the boundary

s_o_7,in Figure 3-i •

3.2.3 Shroud E_ec*Jlon: The shroud or nose falrin@, protecting

t_e S, C durln6 passage through the earth's atmosphere shall b_ ejecte_ prior
to injection into the lunar orbit,but not until after the value ofPV3 is
_ _._.ani._)x i0_ ib/sec3,where P Is the free stream density (ib/ft3) and
, is Lne vehicle airspeed ("t'sec). This will naminal_y occur at a time from

_nc_ o; 200 seconds*, w_en =he altitude iS approximately 360,(_30 ft.
iiO _r.' and the velocit_ re,salve to the atmosphere is approximately

"_,_00it/sac (2,90C meters/sac).*

3.2.4 Maximum Aerodynamic I:*ating Parameter Profile

3.2.h.1 Direct Ascent Trajectories

( The integrated value of the aerodynamic heating pars-meter sh_ ii not exceed the integrated value on the trajectory shown in
Figure 3-2, which is 16,600 Ib.min , on any direct ascent trajectory, the

sec 3

, maximum instantaneous value of the aerodynamic heating parameter shall not

exceed 5020 ib at any time greater than one minute after shroud ejection.

Addltionall_, the Instantaneous value of the aerodynamic heatir_ parameter may
not exceed 500 ib at any time during the period from one minute until five f
minutes after shro_ ejection, unless the total trajectory ir,tqrated value

of pV3 is less than 16,6OO Ib-mi_/aec 3 , For trajectories _ere the inte-
grated pVS is less than 16,600 l_-min , the length of _ perlcx_ _uri_

which the limit of 500 ib on pV 3 Is _sed shall at leea_ be in the sam_

ratio to four manures as the ratio of the actual Informed p V3 la _ 16,600.
For ex_q_le, 1_" In scare1 tre,lectory rea_lte in an in_rate(l value or"
10,000 • lb-mla , tbea the ltmi_ @f 500 lb m_r he ezeNded t_lnn_m_ at _e

a_ut_s att_r shro_ui etton.• t_ o_1 • _ x _ - s._l* ._,. . ......

0''"_ ......wAx_".... ram--mac'_w.u..... _'-"------:-:-------_--_ I-- '"_'_'_' . '
• "" ""........:............. _"_ _I_ "

,_,;,,,_,,,,,,........
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i

(i 3.2...2 Parking Orbit TreJectgrles: During the period beginning
one minute after shroud eJectlon end ending at the time of Centaur main engine

second star_ (_ES2), the instantaneous value of the aerodynamic heating para-

meter, p VO , may not exceed 1825 ib/,_c3. Throughout the period from 14_2
untAi the end of significant serodynam_ heating effects, the integrated value
of the aerodynamic heating parameter may not exceed 7200 ib-min and the

instantaneous value may not exceed 3700 ib

'
3.2.5 Nominal Time from Lift-off to Injection:*

Direct ascent : ll.h minutes

. Parking orbit : 13.3 to 36._ minutes

3.2.6 Telemetry and Data Transmission:

3.2.6.1" The S/C transmitter frequency shall be monitored as far
dowr_range as _sslble within limitations of the $,"_A installed at the launch

location; end t.he frequency-tlme his_ry shall be transmitted _o the SFOF as
soon as IX_saible, but with a time la_ no greater than 5 minutes (desired).

( _)

(

i

/

• @

r- , , ,

.,ms.....-.-,_.:,...- ,_, , - . . ."..,'z_-."'_:'_..*_;_';."!-.'_'._:,,. ' _:/-_-_;_'_./: -'_'_]_.' _ ''_'7""' _"_/'_'-_."_.;'-',,',_,:-...........",'"'_'.".... '"'"_'_' "- ""_"
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3.2.6.2e During thin mode (launch to injection), the Centaur

_elemetry cbennelm _,a_ are being used by the S/C will be carrying one coanu-
tarot mode of I_M _ta as w_ll as shock and vibration da_a. The lhock and
vibration _ta is desired at the SPOY during launch but will be u|ed pr_rily
for poet-flight performance evaluation.

3.2.6.3 The S/C transmitter shall be on in its low power mode

_nd shall be =odulated wi_h certain S/C engineering data wi_h a car:'iermod-
ulation index not to exceed 0._ ra_.

3._.7 Angular Bates: The maximum angular rates throughout
this phase shall be less that._ deg/sec(i), except for specific attitude

maneuvers wherein rates up to 12 deg/sec may exle_ for periods up to one
second.

J

3.3 Separation a_d X_IF Acquisition

3.3.1 Pre-leparation: A_ Centaur burnout, several lpace-
craft operatlons are initiated by command sisr.a_e from the Centaur. +

x
+

3.3.1.1 Pre-se_ara_ion 8/C O_rations +

3.3.1.i.L _tenalon of landing gear

3.3.1.1.E Exsenai_ oi _nidirec_ional en_ennU

3.3.1.i.3 Trarumitter high power o_ /

f3.S.I.I.A NR g_ je_ valve _pliflers enable (initiated by
the separation signal).

t



3.3.1.2 Ln addlti:_,the telmeCerln6 eha_ael in _e Centaur
which ie to be utilised for spacecraft I_ data shall be inotrtmentedto
provide the following Informetlon_Ich shall be lent to t_,eU_ to be
relayed to the DSXF stations:

Omnldirectio.alantenna extend verlflcatlen Jilnal

Leg extend verificatlo_ siEnal

Transmitter power

3.3.1.3 Throughout the above $/Cpre-Jeparati_operatlon. the
angular rates shall be leJa than 3 des/net and the angular aceeleratic_shall
be lees than i del/eec2.



3.3.3 Post-separatlon: The flight control system is in therate stabilization mode, cperatir_ with the cold gas. Jets. Sewation angular
rates should be reduced and maintained near zero.

3.3.3.1 Attitude accuracy: Not criticaliLI

3.3.3.2 Autoz_tlc solar l_Lne!deployment: Automatic lloll_ panel

depio:_mentshall be In_iate_ vhen the spacecraft separates from the Centaur.

Automatlc operat_eml shall include: (i) unlocking the solar p_nel and roll

axis so that they are free to move from their launch positions; (2) stepping
of the soAar panelaxis 65 degrees so that the solar panel is positioned

perpendicular tc the spacecraft Z axis; and (3) stepping the roll axis 60

d_grees counterclockwise after deplo:,ment is complete so that the roll axis is
in its proper transit position. The complete deployment sequence shall nomln-

all:,require no more than 9 minutes and _0 seconds for comuletion.

Automatic sun acquisition shall be initiated by the

zpacecra_t a_ 51 • I seconds after separation.

rates:
3.3.3.3 S cecraft l&r The fligh_ control system

shall be capable of reducing spacecre_r¢ anguAar rates to a1_proximately 0.i
deg/sec within 50 seconds after separation.

3.3.3._ Centaur - Spacecraft sew ation distance: The post

i separation Centaur maneuvers shall be such that the minimum s-epLr_tiondis-
tsLnceat 5 hours after injection shall be greate¢ th4_n 336 Ks.

3.3.4 DSIP Acquisition: Acquisition of the spacecraft by the

_ DSIF takes place as follows:

3.3._.i The DSS antenna is pointed in the expected direction

of the spacecraft. 2

3.3.4.2 The DSS receiver is tuned to the nomir_ frequency plus /
dottier shift of the spacecraft tranamltter signal. !

3.3._.3 When a siKnal is received, the DS8 receiver leeMI on in
phase, and t_e DSS antenna is switched to an_e _rack.

"3.3._._ The ._ Sranamitter Is then turned on ea£ eleved[ L_
freqMenc_. _hen _he reeelved tre_eney pMsee tkr¢_ the e_tlal l_n_e

of the e_eeeratt _eeeSver ;_aae leek loop, it leeks on aM _ q_eee_
receiver cad t_mltter track the DU t_lm£tter 1%.e_me_. The Mecl_ab. " _
meat of pbMe lee_ caa be noted by a _4en shift £a f_e_ene_ ef t_e e_ee,

e_ lwumstter. _le ma_ ee_ee the _ ¢eeelve_ to leme _ e£l_ _¢_
the a_aeeerat¢. It so, _he DS_ _eeeiver _et be reloeke_.

II I I III I I I U II I I II
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3.3._.5 The DSS transmitter Is now tuned to the center of theoperatlng'range of the spacecraft transponder phase locked loop by nulllng

the static phase error.

3.3.5 Information Flow Necessary for AcTalcltlcn:

3.3.5.1 Tracking data from AFETR downrange stations and Centaur

determined Injection parameters shall be sent to JPL for use in trajectory

determination. !

3.3.5,2 In _dditlon, the following spacecraft performance data

obtained frc_ AFE_ prelaunch measurements and/or Centaur telemetry shall be
2"_X'd to JPL:

3.3.5.2.1 Transmitter i_requencle_ for narrow-band VCXO and
transponder modes_

3.3.5.2.2 Transmitter power output.

3.3.5.2.3 Transmitter temperature.

3.3.9.2._Receiverfrequencies. t

3.3.5.2.5 Leg extension confirmation.

3.3.5.2.60_ul-anten_a'extensionconflrnat_on.
<

3.3.5.2.7 Separation confirm_tlon. )

3.3.9.3 The following da_ shall then be meat from JPL to the //i
appropriate DSIY station:

).3._.3.1 I_S _ntenna pointing data in te_ of either hour angle,
deelina_$o_ aagAe ead t_a_or uinuth aa_e, e%evI_ion eaS1e_md _Ime.

).3.5.3.2 Doppler eh_f_ vermu8 _to.

3.3._.).38/C tream$_e_ f_eaue_eSeo.



" 3.3.5.3._8/C receiver fre,_uenciea.
• 3.3.5.3.5S/C transmitterpower.

3.3.5.3.6Confirmationof om_i-antennaextension, leg extension
and separation (if available in time).

3.3.6 _:

3.3.6._ Time re_u.red for all pre-separstlon spacecraftopera-
tions: less than 22 seconds._

3.3.6.2 Time between injectionand first possible _IF
acquisition: varies between 0 and approximately20 minutes for parkir_ orbit
injectionsand between i0 and iA minutes for direct ascent injections.

3.3.6.3 Time required for first DSXF •c_uisltion: less than
5 minutel.

( 3.3.7 Post AC_Isition Beau&nee¢

o

I The poet acquisitionsequence shall be constrained so
_ that the toga contln_ousunmonltored"on time" for the high power trans-

mltter shall not exceed 60 mln_tes.



3,A.I Sun Acmulsltlon:
3.4.1.i

3.4.1.1.1Fifty-one (51) seconds after separation,s_n acqulsitlon
iS initiated by a commanl from.the flight control programmer,whlchcauses a
vehicle roll maneuver of-0.5 deg/sec* and continues until the sun comes into
the fleld-of-vlewof the secondary sun sensor which is affixed approximately
on the spacecraftroll-_Itchplane• ,

3.4.1•1.2When this occurs, %he roll command is removed and a yaw
com_nandis initiatedto bring the primary sun sensor line of sight toward
the sun.

3:4.1.I.3When the sun falls into the fiel_.-of-viewof the
primary sun sensor, a lock-on signal is generated. This signal switches
vehicle attitude control _o the primary sun sensor and also serves to indicate
(via telemetrM)the completionof sun ac_ulsltlon.

3.4.1.= Loss of lock: Once sun lock has been

established,loss of this sun lock-on signal shall automaticallysvitch the
a_titude control back to an inertialattitude hold mode.

( 3.4.1.3 Attlt_de control accuracy: As specified in 4.3.1.i

3._.i._ T__

3.4.1.4.1Maximum time to acquire sun: 18 minutes.

/
3.4.2 Star (Canoou|)Maul|iris. The staz' ae%ulsltionmode

is command initiatedafter completionof the sun acquisitionan4 at leu_
2 hours prior to the midcouree correction.

" 3,J,._.1.1 The s_r ac_uistt_oa ec_sadt stsr_s • vektele pes£ttve
' roll (eloekvlselook_ at the $/C fTom the direction of the sun) of O.5

_Lql/eee* un?.ll s eV4r of the correct ba_dlhtnOlle flAle :Lnt_ _ IOlUI_A"
field-o_-vlw.

|

o ..... I__--_,!-.. I........ .
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' 3._.2.1.2 When this occurs, a lock-on signal is generated which

stops the 0.5 deg/sec roll rate and switches the vehicle roll control to thestar sensor error signal.

3.4.2.2 Los:_of lock: Once star lock has been estab-

lished, loss of this locE-on signal shall automatically switch the vehicle roll
control to an inertial attitude hold mode.

3.2.2.3 Canopus verification: To verify that the correct star

has been acquired, the S/C is commanded to roll up to 720 ° in one continuous
roll. During this roll, the unt._reaholded star intensity signal, as well as

the normal thresholded signal, is monitored. From these sipala, a star map
is made and Canopua identified. The capability for performin_ at least _ of

these verifications shall be prodded. Thim verification shall be performed
before the normal star a_quisition mode is initiated.

3.b.2.L Attitude control accuracy: As specified in 4.3.1.2.
C

3._.2.5 Acquisition t_me: 38 minutes maximum (assuming a
normal verification and excluding the time for studying the star map on the

ground).

(
)
;

3.5 Coast Mode I

(
This mode co_ences on completion of the sun/star acquisition

and terminates Just prior to the mAdcourse correction. During this mode,
the 8/C coasts with its attitude |ervoed to the sun and star with the tow
power transmitter on in the transponder mode to permit continuou| two-way
doppler tracking and to.provide continuous low bit rate telemetry. Periodic A
samplingl of certain engineering data (not to exceed 10 during the transit /
portion of the mis|ion) shall be made, some of which will require fwitching /
on _he high power transmitter at those times.

3.5.1 Attitude Acct_r&cy: b_Lle in the coast mode the allow-

able error is ±2". One-_halfhour prior to the n_Ldeouree maneuver, howeverm
the attitude re_uiremnte are ae specified in _.3.l.l _ k.3.l.| of t_e
_eewaeu_.

-W ........ -- .................... --Tm .......... .....
IlVaVllrmIlllml r_=:ll_ _ / I._._lo •,,, , .
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5.5.2 Doppler Tracking: Throughout this mode, the S/C

position and range rate is being measured by one of the DSrF stations.angular
The range rate is a two-way doppler measurement requiring a phase locked
transponder in the S/C. It is required that this be accomplished on the
omni-antcnna with the low power transmitter.

3.5.2.1 QD_ratin_ range: This two-way doppler link must operate

over ranges from 90 n.mi. (167 Km) to _19,500 n.mi (206,700 Km) (including
Coast Mode II) and relative velocities between plus and minus iO KM/sec

(32,80_ £t/sec).

0

3.6 Midcourse Correction

This mode involves an attitude maneuver to align the vehicle

roll axis in the computed direction for the velocity correotlon, an
accurately controlled velocity correction and a reverse attitude maneuver to

reacquire the sun and star. The S/C mechanization, with the possible excep-
tion of the vernier fuel loading, shall be capable of two such midcourse

corrections. However, the time between a subsequent ignition of the vernier
engines and the termination of the last previous ignition of the engines shall
be at least one hour.

3.6.1 Correction Com_utation: From the S/C tracking data,i

its orbit and predicted lunar miss shall be computed by the SFOF Computing

- Facility. See Section 6.4 of this specification fo_ details.

3.6._ Correction Capability: Capability for an automatically
timed velocity correction of up to 50 meters/see (16_ ft/sec) shall be pro-

vided. This provides a noml,ml capability of correcting a miss at the moon
of 9610 Kin (5170 n.=i.) perpendicular to the approach trajectory. The

emergency capability for velDc ity corrections greeter than 51 meters/ace,
. hut with reduced accuracy, shall be provided (wi£h the exception of vernier

fuel) through the use of manual btLrnlng time control from the ground.' The
minimum possible velocity correction command shall be 2.0 meters/see (6.6 ft/sec).

+ The spacecraft desi_ shall be such as to acc_c_ate mldcou_rae maneuvers /
between zero and 50 meters/sec /

3.6.3 Correction accuracy: For all automaticall_ timed
._ • corrections within _he capability of paragraph 3.6.2,the relld_al _ips on

the l_nar surface d_e to S/C mechanization shall not excee_ _00 Xm (1)
' (_3.9 n.ml.) for a vertical approach trajectory or 160 F8 {1)(86._5 n.m£) for

:. a _$ deBree approach trajectory. These req_trementl shall a_;_ on_ to •
noalna% 66 ho_ trajectory vhereln the midoouree corr_ot$on is _ no sooner

,, than RO hours after In_ect1_a. In order to meet these req_treeea_s,the
_, fo_lc_Aa_ accu_'aoles must be met:

0

'i i -_ IN [ Imlm II I
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3.6.3.1 The actual thrust vector must be con+rolled such that

the resultant velocity increment is within _).7 degrees(1)of the computed
direction.

%

3.6.3.2 For incremental velcc.ty changes up to i00 ft/sec

(30.5 m/sec), the error in the magnitude u* the velocity change shall be

less than ±1.3 ft/sec(2) and for larger vel)_-.ityincrements, the error shall
scale linearly.

3.6.3.3 Acceleration level: ac specified in 4.2.1.

3.6.2 _£min_ ( ,MAdcourse _:orrection) :

3.6.4.1 Time 9_ maneuver: As early as 4 hours and as late as
40 hours after injection. The nominal correction time shall be 15 hours

after injection for direct ascent and 20 hours for parkin6 orbit. However, _'
all correction accuracy computations shall be based on a nominal _0 hour
correction, •

3.6 4.2 Initiation of attitude orientation: <15 min prior to *•
velocity change.

3.6._.3 Time required for attitude orientation: 12 _in max. !=

3.6.4.4 _kx. time available for velocity change: 51.2 sec.
in •utomatic•lly timed mode.

3.6.4.5 Time required For normal reacqulsition of sun •ridstar:
15 min max (excluding any Canopus verification tlme),e

3.6.&.6 Required lead time •llowance between the end of the

last midcourle guidance computation and the performance of the midcourle /correction: at Least 2.0 hours.

3.6.4.7 Allowable time between actual velocity change and
precomputed time for the velocity chanse: At least _ _lnutes. This is •
variable to be computed by the m/c correction ccmlmter prour_.

!

l
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3.6._.8 Timin_ Accu.rltc_,: The erroE between the command time
interval and the actual time interval shall not exceed the following

a. 0.2 seconds plus 0.0_ of the command interval
magnitude (i) for attitude orientation maneuvers.

b. 0.025 seconds plus 0.0_ of the connand interval (i)
' for velocity increment duration.

r



O

( 3.7 Coast Mode
II

This mode is essentiallythe same as Coast Mode I except it
occurs at greater S/C to earth ranges. This 'additionaltracking data is
required to reestablishthe orbit after the mldcourse correction and to
accuratelydetermine the landing location, This post-mldcour|e tracking
should be _ontinued until Just prior to the pre-reZro maneuver.

3.8 P_.e-retro Maneuver

This mode includes: (a) the deploymentof the planar array,
(b) spacecraftmaneuvers to align the main retro thrust axis with the
velocity vector and the high gain planar array with the spacecraft-earth
line to transmit televisionpictures during lunar approach and, (c) the
subsequentcoast period prior to retro-ignitionduring which descent TV
pictures are transmittedto the earth.

3.8.1 Re%uired Action: The following items shall be
accomplishedd_ring this mode:

3.8.1.1 Command all TV temperatuxecontrols on approximately
3 to 8 hours prior to computed ignition time, depending on $/C supply voltage.

3.8.1.2 Command deployment of the planar array to its landing
position if less than _50 or to hS" if the required position is greater than
hS". This shall be done w1_ilestill locked onto the sun and |tar.

3.8.1.3 Command computed roll maneuver as first step in
brinslng t_rus_ axis in line with velocity vector. Pitch and yaw attitu4e
controls remain on sun sensor hold. A less desirable alternatlveie to do
pitch or yaw maneuver first.

3.8.1._ Command vehicle pitch or y_v maneuver to bring the
thrustvector in line with the v_locity vector.

3.8.1.5 Commandsecond roll maneuver to align the planar array

with earth. ,_

• /)

3.8.1.7 Comaad veraler eagine nc_aa% t_mt bias (if
necea|a_).

" 3.8.1.8 ConmaAdeet'_ln4 of t.Lee 4e).a,y bet,veen a).5:itude IrkAn4
oA_% _ e,,_.ae ipit, io..

3.|.%.9 ¢en,,aa4 _],_l_.a4o na_,AaS _ m.

I

|

' "
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(:

3.8.2 _Q_ll;: (Pre-retro Mm_euver)

3.8.2.1 Time required to erect the planar array: 10 m_nutes
anIH{.

3.B._.2 Init:Lat:Lonof maneuver: No more than 33 nttnutes prior .
to computed retro tgntttor, time.

3.8.2.3 Time for complete nor_l attitude maneuvers: 17 min-
utes max (incl. 60 |ec ttm_ betveen successive maneuvers).

3.8.2.4 Additional time required for emergency or non-n_ra_l
attitude maneuver, If required, rill come out of the time normally allotted
to the TV.

_.8.2.5 Time by vhleh all nol-mal attitude maneuvers must be
completed: 15 mlnutem prior to computed retro _jgnktlon tkme.

( .

: 3.8.2.9 Command setting of rdtro time. de1_v: at ke_st 6 m$nutes prIo#• "to retro ignition.

3.8.2.10 Altitude markts_ _ pover to non": _ minutes
prior to retro l_nttton.

_'

3.8.2.11 Narktn6 radar enable: IOarktnG radar Is t_ned to
e_ble at the altitude specified _n k.6.2._. To aeeamplt|h thto, the com-
_ shall be ment at the eOl_Utdl4 time _0 eeeot_o. ,

t
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3.8.3 Accuracy:

_. 3.8.3.1 The pre-retro maneuver shall be such that the pointing
accuracy requirement of 3.9.3.2 can be met during retro burning.

3.8.3.2 Throughoutthis phase, the angle between the planar

array electrical axis and the true S/C - DSIF line shall be less than 2.3

degrees. (2)

3.8.3.3 Timing Accuracy: As given in 3.6.h.8.

3.9 Main Retro Descent

This mode begins with the altitude marking radar i_.itlon slgn_l
and ends with ejection of the spent main retro case.

3.9.1 A=tion Sequence: The following automatic sequence shall

be initiated by the marking radar signal:

3.9.1.1 At a nominal slant range of 6("miles the altitude marking

. radar triggers a timer which in sequence starts the vernier engines, ignites
the main retro, and applies power to the radar altimeter and doppler velocity
sensor.

3.9.1.2 Vernier engines started by timer after preset delay

( (3.8.1.8).
3.9.1.3 Main retro ignited approximately 1 sec following vernier

ignition.

3.9.1.b RADVS turned on at 0.55 sec following retro i_ition.

3.9.1.5 Main retro burnout is signalled by the acceleration

falling to 3.5 ± O.Sg. This signal initiates the following: (a) vernier i
thrust level increase to maximum programmed level, (b) starts a timer to flow A _

retro separation nuts and to pe21_it pitch and yaw attitude control to be /_
switched from inertia_ to doppler velocity reference if or when the doppler

/

velocity reliable signal is present. The inertial _witch ehall not signal
retro burnout when the instantaneous thrust-to-maes ratio is greater than
161fps2.

3.9.2 _n_: (Mainl_troDescent)

. 3,9.2._ _lainretro i6nitiol_ time: APproxAmatel,y 3 alnu_el
before touchdown.

I I

llINl_mll,_IC_Oll_ _ _).0

lUlVlIY I.alfO sc
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3.9.2.2 Time between al_Itude marking radar signal aml vernier

" l_ition: Radio cczmandabZe from 0 to 20 seconds or greater.

3.9.2 _ Time between vernier ignition and main retro £j_nition:
• _2 _1.1 Sec _ 0.1 sec. ,

3.9.2._ Main retro action time:. Approximately 42 6ec.

3.9.2.5 Time from inertia switch signal to main retro ejection
• o.1,ec.(2)

3.9._.6 Time from main retro _ctlon signal to first >oss£ble
attitude reference change: _.15 _ O.l sec._"_"

3.9.3

3.9.3.1 Accuracyon time delay between altitude marking si_n_l .
and actual main retro ignition (as defined in 1.3): 0.055 sec required. L_}

3.9.3.2 At the time of main retro i_nltion and throughout main
retro burning, the actual main retro thrust axis shall be aligned to the

actual Inltial velocity vector plus offset (if applicable) within il degree.(L)

3.9.S.3 Attitude rates during retro burnln6: Am specified in
_.3.2 of this specification.

3.9.3._ Thro_hout maln retro burning the an_le between the
planar arraZ _lectrlcal axis and the true S/C D6XF line shall be less than
2.3 die, see{2) with mxtmum pitch, yaw and roll disturbances.

|

/
3.9.; ]_Arnout ,__t_A_-: The n_inal S/C conditions at main

' retro b_aout vary fr_ fltg_rt to fLt6ht u • function of lm_r distance,
deellaation, time of flight, landing local•on, ego. For al£ these variables,
the maxims and LtnimmP nominal b_rnout eonditieM for • normal and • 2_ e
a_roaeh are liven bel_ (aU_in_ no _e_ler attitude e_trol ,_uti_after
main retro burnout).

3.9-_ n,,_.,,_.e 'r.--,,,_, a--_ _..1-s The |/¢ st_lA
o4qmbleo_ • so_t laa4Ang for uakmke_ l_aet ap_eaeh an_ee up to Z_

m_ , it ..... I il I I I- l lllII I I I I I I
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_ _ CONDITIONS

For Normal Approach For 25" Approach

Maximum Minimum Mm_Imum Minimum.J

Item Nominal 13_ Nominal _3_ Nominal '3_ Nominal _3o
i | l ii L ,n II i

A_tltude (XZt) 47 _ _ *9 _7 _9 28 _9

S_ant Range
, (Kit) 49 _9 31 13 61 ±12 39 .13

Veloe ity
_itude (f_) 5_5 ±125 2OO *125 529 ±125 250 ±125

Al_4_leI_etween
Velocity and
Lanar Vertlcel 0"I ±16 O" _5" 23" _16 14° *_50

A_le Between
Roll Axls and
Lunar Vertical O" _I" 0 ° _" _5" :1_1.° 25° _i°

3.iO Veruig.rDesqent

The vernier descent phase begins with the ejection of the
/'" _ain retro e_ine case and ends with the vernier engine shut-offwhich ,

" IL nominallyoccurs at an altitude of I_ feet.

_: 3.10.1 Action Seouenc_: The _ollowing automatic sequence
controlledby the spacecraft shall be follov_ in this phase:

3.10,i.i At a fixed time delay of 2.15 -_3.O1seconds followin6
the retro case ejection sijnal (to allow time for the case to clear the
vehicle), the pitch and yaw attitude control and the vernier engine thrust
control is "armed" to permit switching to vernier descent control modes when

"i the radar reliable signals are present.

3.10.i._-,When She dopplee veloci_ reliable signal is present and /
_ the attitude control Is "armed", the pitch and yaw attitude control shall be /switched to the doppler veloclt_ reference and the vehicle attitude is con-

trolled by serveing the components of veloci_ norm_l to the vehicle axis
(Vx and VT) toward zero. The S/C shall be designed such that the doppler
reference can be used for attitude control prior to retro burn-out if so

_ _esired b_ minor circuit revisions.



3.10.i.3 If the altimeter reliable signal is not present when
the thrust control is "armed", the thrust cammmnd is switched from maximum

{_ pro83_med thrust (see _.4.3) to minimum prosrauRed acceleration (see 4.4.4.£j
an_ is held there until the altimeter reliable comes on.

3.10.1.4 When the altimeter reliable signal ,_ present, the
thrUSt control Shall be switched from the fixed thrust command to the pro-

grimed velocity-slant range trajectory control mode. In this mode, doppler
velocity information is used to provide proper error signals to the velocity

control system to maintain the desired slant range/veloclty ratio prescribed

by tne prosrlumed descent trajectory.

3.10.1.5 When a velocity (Vz) of l0 ft/sec is reached

(nominally at an altitude of 43 it, the _onstant velocity control mode is
initiated. A_tltude control is switched back to the inertial reference and

ensine thrust is servoed so as to achieve and maintain a 5 ft/sec constant
value.

3.10.1.6 When an lltitude of 14 feet is reached, the vernier
englnel shall be shut off, thus terminating this mode.

3.10._ m._: ('/em_er Deice, t)

( 3.10.2,I. Time between initiation of attitude maneuver andalignment of vehicle roll axle to velocity _ector: 9 mec max (for _5"
nna_euver ).

I

3,10.3 Ag_: In order to meet the requirements of 3.11.2,
the followlng conditions shall be met:

3.10.3.1 Vernler e ue cut-off alt£tude: I_ ft * 4.5 ft(_) /i
free the lunar surface o • a er an nna oresi_ht plans.

. 3_IQ.3.2 Yertical velocit_ at vernier enllne cut-off: 5 _t/sec
t 1.5

at   teh-over to la r lal att tu  oa rol:15

V_rLB ......... " ........ :'" "'- " ...... .... - .... hill ' ' ' "|

" TJ v_' .... "!" t ................

....... _. ,,

,/, , .,.p

• # . • .

1969008399-036



3.10.3.4 Lateral velocit_ at vernier engine cut-off: 0 ± k.O
ft/sec. (1)

(
3.10.3.5 An_le betyeen roll axis and local vertical at vernier

engine cut-off: 0 * 4.8 deg._l)

3.10._.6 Total an_u_ velocity a_ter vernier engine cut-off:
'< 3.2 deg/iec. (1_ .....

3.10.3.7 R011 attitude: The roll attitude throughout this phase
shall be as specified in 4.3.1.4 of this specification.

3•ii Touchdown

After vernier engine cut-off, the SIc free falls to the
lunar surface.

i

3.11.1 im_: The time from vernier engine cut-off until
first contact with the lunar surface shill be less than 2 sec.

3•Ii._ Pre-Touch_mm Condlti?na

The S/C descent shall be controlled such that the

(-- , following condltlona are in effect at the instant prior to touchdown (contact
with ]Amar surface).

1
T_.

: 3.11.2.1 Longitudlaal velocity: < 15 ft/sec.(2)

Longitudinal refers to the s-axis of the spacecraft
coordinate systela.

3.11.2.2 Lateral velocity: ,:5.0 ftlsec.(1)

Lateral velocity is the coBponent of total velocity /
which Lies in the x-y plane of the spacecraft coordinate system. /

3.Ii.2.3 Angle between roll exls and local vertlcal: < 7 des,(i)
,

Tt'_i8 eagle is meMu_',ed in "the plane defined by the S/C
veloelty an4 local vertical.

• 3.11.2.4 J_Itode ot t._ e_lar veloei¢F, <3.2 del/iee.(1)

vUvIW ,,, , • - .
ql

_ scs_ __ _ _o
_' I I II III I I I II II II I
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9
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3.11.3 Lunar Surface: For touchdown considerations, the lunar

surface shall be as specifieA in 3.13.3.5 of the Surveyor Design Speciflc_tion,

{ _ No. 302_0.

3.II.4 Touchdown _a_ability

. The structural mechanization of the S/C shall be such

that landings u_der the following conditions can be sustained without damage
to the S/C that #ould impair the conduct of lunar operations. Note that
"horizontal" and "vertical" in this paragraph are not equivalent to "lateral"

and "loQgitudinal" in paragraph 3.11.2.

3.11.2.1 Vertical velocity: _<20 ft/sec

3.11.4._ Horizontal velocity: -<7 ft/sec

3.11.4.3 Angle, S/C Roll Axis to Vertical: -<8 deg

3._'._._ Angular rate, angle of 3.11.h._: _<4 deg/se¢

3.L_ Postlan_Inu _glneer_nn Verification: The postlandtng
engineering verification phase begins with lunar contact when the final

spacecraft kinetic energM is absorbed by the landin6 gear,and is terminated

when the solar panel acquisition of the sun (for the case of a lunar daylandlng), the planar array acquisition of the earth,and the postlanding

engineering asoea_ment are completed. Unless indicated otherwise, the re-
quirements specified refer to day or night l_In6s. The timing specified
amain the absence of operational thermal constraints. A mid-day landing
may be subject to the constraints specified in _.I0, thereby requirir_
an extended period for completion.

3.12.1 _: After touchdown, but before the preparation

for the lunar experiments, the'following operations are required to prepare

the spacecraft for the lunar phase of operation: /

/3.12.1.1 Verification 9_ Colmunication CaDabil_y: It is

required that the ground receiver maintain phase lock during the touchdown .
period. If phase lock is lost for any festoon, reacquisition will nor_ll_
be complete within _0 seconds after touchdovn.

3 of Transit TemAnal•12.1.2 Termination ...... Operations:L_

descent phase aubmyetem or functio_nm not requ_re_ during the poatlanding
lunar operations shall be turned off by ground command.

I

t
I I I _ I lid I II IIII
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3.12.1.3 Assessment of Basic Bus Touchdown Survival: Anassessment of the operating condition of as many basic bus functions as is

possible is required for mission evaluation and lunar operational planning.

3.12.A.3.1 Initial Postlandin_ Engineerln_ Assessment: The
initial assessment shall provide preliminary evaluation of the signal proc-
essing, narrow band transmission, and the power and thermal status of the space-

craft to the extent possible. The purpose of the 'assessment is to provide an

immediate verification of Successful soft-landing as well as thF capability of
the Spacecraft to support subsequent operations.

3.12.1.3.2 SubseQuent _ineerina Assessments: Additional
assessments are required to verify the functional capability of the antenna

and solar panel positioners and the solar panel and battery charging circuitry
(day landing only) and the planar array.

3.12.1.3.3 Mode Television: The television camera may be
operated in the 200 Line Scan mode to provide preliminary data related to the
lunar surface and the landed condition of the spacecraft.

e

3.12.1.4 Orientation of the So_ar Panel and Planar _r_v: The
optimum orientation procedure to be used is dependent upon the landing site
location and solar lighting conditions.

3.12.1.5 Determination of S/C Landed Attitude (day landing only)

3.12.1.6 Assessment of Basic Bus Capabili1_y to Support Lunar
Ex_erimentati on.

O

I L I I I II II I_ _
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3,12,2

3.12.2.1 _itiation: Y_mediately after touchdown.

3.12.2.2 Time for Completion

3.12.2.2.1 The verification of communication and the terminat£on

of'transit operations will be completed within approximstal,v 2-1/2 minutes.
RADVS power shall be turned off within 2 minutes after touchdown. Execution

of the thrust phase power off commanded must be verified prior to _ADVS power
turnoff.

3.12.3 Accuracy

(i 3.12.3.1 Sglar Panel and Planar Arra_ Positioning (Day Landings)
For the purpose of determining the spacecraft attitude, the following posi-

tloning accuracies are required: The initial positioning of the solar panel

shall be such that the secondary sun sensor bore,sight axis will be parallel
to the 'spacecraft-sun line within _O.75 degree(3). The initial positioning of

the planar array shall be such that the antenna %lectrical axis will be parallel

to t_ spacecraft/X_ZF line within ±I.O degree(3), This*implies a received
power meter on the ground that will indicate relative power levels to within
at least 0.3 db.

3.12.3.2 Post Landing Attitude Determipstion (Da_ X_ndings)
The attitude of the S/C in celestial and aelenogra_ic coordinates shall be
determined from the solar panel and planar array glmbal angles with sufficient
accuracy to predict the following:

i) Local vertical to _ degrees(3) in 8/C coordinates for
earth-sun angles greater than 15 degrees.



2) Sun s_le to 2 degrees(3) is S/C coordinates for earth-

_i sun angles greater than 15 de_rees and assuming solar
panel and planar array positioning at 24 hour intervals.

3) Variations in local vertical in S/C coordinates in a 22

hour interval to 4 degrees.

4) Time to terminator tr _8 hours for earth-sun angles

greater than 15 degrees assuming a known horizon in
$/C coordinates with a maximum of 15 degree slope.

• m

3.13 Lunar Experimentation: The lu_nsrexperimentaticn phase begins
• with the completion of the solar panel and planar array positioning and

engineering assessment and continues until the end of the mission. Unless

indicated otherwise the requirements specified refer to d_ landings.

3.13.1 Surve_ Television

3.13.1.1 S_cecraft ObservationL: At _propriate times during
the lunar mission, television will be used to aid in the _ener_l engineering
evaluation of the spacecraft status.

( 3.13,1..2 payloao Observatlons:

At appropriate times during the lunar mission, television
will be used to aid in the evaluation of the Alpha Scattering Instrument.

Deployment of the Alpha Scattering Instrument will be aided by television
observattcns.

./

, • v.
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3.13.2 Engineering Interrogations

3.13.2.1 Sampling of the Mode or Mode _ ,C0mmutator'Data: The
Mode 4 or Mode 5 commutator data shall be sampled at least once each 1.5 hours

(minimum of 30 frames) during the non-critical periods of the lunar phase. It
is desirable to transmit data continuously during the following periods:

3.13.2.1.i Postlanding engineering verification[

3.13.2.1.2 Repositioning of planar array and solar panel.

3.13.2.1.3 Terminator _nterval.

3.13.2.2 Redundant Data Requirements: Engineering commutator
Modes i, 2, 4 and 5 shall be sampled at least once each 6 hours (minimum

of 30 frames each).

3.13.3 Solar Panel and Planar Array Re_)sitioning.
f

T

(, 3,13.3.1 Solar Pan_l Repoait_onln_ The solar panel will

i normally be repositioned to track the sun a minimum of each earth day during
the lunar _iay.

3.13.3.2 Final So!er.Panel Positioning: The solar panel will
be repositioned such as to limit the output voltage to a safe level at
sunrise.

Q

3.13.3.3 Planar Array RepositloninK: The planar array will
i normally be repositioned a mini_ of each earth day during the lunar day

to reduce pointing errors resulting from lunar librations

i 3.13.3._ Plan_r Array ReDosltioniRK Accuracy: The re_sitionlng /
i. shall be accomplished 1_o provide electrical axis pointing erros consistent

with the spacecraft transmission :odes in operation.

!



!

i

3.13.3._.1 The electrical axis pointir_ error during the trans°

_i _ission of gimbal angle data for attitude determination shall be less than
1.O degree. The pointing error during television operation shall be less than
i,_ degrees (0.5 db).

3.13.h S__cecraft Power a_.d Thermal Control Operations

3.13.4.1 _: In order to most e_ficiently utilize
the spacecraft compartment A and B thermal capability and to maintain the

compartment temperatures below 125°F under adverse equatorial lunar noon
• environmental cond_/tions, a capability to establish a standby mode f_om a

data transmission mode or a data transmission mode from a standby mode by
ground ccemand is required. In the standby mode only the command receivers
will be operating with Fill-in words interrupted and the electrical power
dissipated as heat in compartment A and B shall be limited to appr_imately 3

"watts and O watts for day or night landings respectively.

3.13._.2 1._e-Sunset Ccmpartaent Heati_: To maximize post-
sunset operating capability, solar panel power shall be used to raise
compartment tray temperatures to the thermal switch closure temperature.

3.13._.3 Cce_artment A and B Heater Control: A capability for

," c.,V"__"°_°_'_"°__'°_"oo°_ro,.,_ ,._ d.d_,_, o_,ornlght).

3.13._.3.1 Compartment A and/or B heaters automatic.

3.13._.3.2 Compartment A and/or B heaters on.

3.13._.3.3 Compartment A and/or B heaters off.

3.1]._._ t t c t : _he power syztem shall be
capable of tutomatteel_y charging the battery upon eol_r panel tllu_tnatAo_
when the tnAtlal state ot the spacecraft is the standby mode described in

"1969008399-043
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3.13._.5 _nlm._ ,Battery Charging T:Lme: A minimum float charge

tlne of 72 hours iS required to recharge the battery to the maximum chargedcondition assum/n6 battery has completely discharged.

3.13.5 Spacecraft Operational Life

3.13.5.1 Lunar Day: The spacecraft shall be capable of operation
from sunrise to sunset in any standard mode of operation, including the use of
the above standby mode to equalize the electrical power dissipated as heat and
the thermal dissipating capability of compartments A and B. Subject to the
ther_l constraints of l_ragraph 4.10 the Sl_Cecr_ shsll be c&pable of com-

pleting, without supplemental solar pan_l power, &pproxlmately 3 hours of port-

ending operations which include the postlandin_ engineering verification and one
nsa-row-4u_le black and white television survey.

3.13.5.2 I_ar Night :

3.13.5.2.1 Night Landln_ - For the ease of a lunar night landing,
the spacecraft shall be capable of a minimum of 3 hours for SC-1 through SC-_
and 20 hours for SO-5 through SC-7 of post-touchdown eurvlval (non-operatir_).

3.13.5.2.2 Day Landing - For the case of a lunar day landing, and
assuLing a fully charged battery at sunset, the spacecraft (excludin_ payload
ener_ requirement effects) shall be capable of a minimum of 150 hours of non-
operating post-sunset survival.

3.13.5.3 Desired Operatlna Life - It is a desired objective to
achieve the capability_of a 90 day period of operation.

/

,o
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3.13.6 Alpha Scatterin_ Instrument (SC 5,6 end 7)

3.13._.I Inltlatlon: The operation of the alpha scattering

instrument shall be initiated by ear%h command to the spacecraft. The

following control of instrument operation shall be provided by earth
command :

I) Alpha Detector No. 1 ON

2) Alpha Detector No. 2 ON

3) Proton Detector No. 1 ON

h) Proton D_tector No. 2 ON

5) Proton Detector No. 3 ON

6) Proton Detector No. h ON

7) Calibration ON

8) Alpha Detectors No. 1 and 2 OFF

9) Proton Detectors No. 1 and 2 OFF

iO) Proton Detector" "" 3 end h OFF

ii) Calibration OFF

12) Alpha Scattering Power ON

13) Alpha Scattering Power OFF

I_) Alpha Scattering Heater Power ON
15) Alpha Scattering Heater Power OFF

16) Deploy to background count position

17) Deploy to lunar surface

3.13.6.2 Timin_ (Alpha_Scattering)

3.13.6.2.1 In the TMpical sequence of operation the following will /

be completed: Stendar_ sample count (3 hours), background count (3 hours), /initial lunar surface count (6 hours), and data accumulation count (24 hours).
The total interrupted time _n either the standard sample or background count
shall not exceed 30 minutes.. The total interrupted ti_e during the Initial
lunar surface count shall not exceed one hour. be time from Ini_tation of

the standard sample count and the initiation of the lunar surface CO,Antaha)l
not exceed 7 1/2 houza.

|
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3.13.6.2.2 A high quality television picture shall be obtained4_

__ of the lunar surface (to which,the Instrument i_ to Be deployed) and the
Instrument Ln the background posltton prior tc deployment to the lunar a_rfsce.

3.1B.6.2.3 Measurements of the sensor end electronics te._peratures

shall be obtained each 30 minutes of Instrament operation,

!

(
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_.0 SPACECI_FT P_RFOI_ANC _

4.I General

4.1.1 Functional Block Dla_ram*

A s_apllfied block ii_gre_nof the Surveyor spacecraft is

shown in Figure 4-1. This section (h.O) specifies the required system per-

formance for these subsystems.

4.1.2 Weight and Inertia Control

_._.2.1 The total "injected' weight and "payload" weight shall

as specified in JPL Specification 30240.

h.i.2.2" On the basis of present trajectory computations, the

weight history may be assumed as sta+_d in the HAC document titled
Suc.'eyorSpacecraft Monthly Performance Assessment Report.

• 4.1.2.3 For trajectory computations, the actual launch weights
of each spacecraft shall be known to within 0.25 percent at least 120 days
before the first possible launch day.

(_' 4.1 2.4 Minimum S/C.weight at landing: _87 Ixxmds.

I

h.i.2.5 Maximum S/C weight at loadiz_: 6_ pounds.

4.1.2.6 Maximum S/C dry landed weight: 605 pounds.

4.1.2.7 Minimum S/C weight at first acquisition of the ra_-
velocity descent trajectory segments (see 4._.4.2): 652 pounds.

/

_ 4.1.2.8 Maximum S/C weight at first acquisition of the range-
velocity descent trajectory sepents (see 4._._.R): _15 pOUndS.

p

,| .
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i h.1.2.9 Ballast

The spacecraft design shall be such that up to 30 pounds

of ballast can be added to the retro case in steps of no more than 3/5 pound

to decrease the main retro deceleration for those cases in which the injection

energy and the lunar approach velocity ere low. This ballast shall be added
to the retro case such that the moment generated by, the added bsllast weight

with resl_ect to the center of the retro mounting hole circle shall be less

thin 0.3 inch-pounds.

h.l.2.10 Moments of Inertia snd Products of Inertia

These values shall be bounded by the following msxlm8 and

- minims for %he S/C throughout the landing phase 'from j_t prior to retro ignition

with 8 full load of vernier fuel Lo just prior to touchdown with ell'vernier fuel

gone.

I - between 116 and 229 slug ft 2
z

I - between 12h and 239 slug ft 2
, y

I - between 119 and 924 slug ft 2z

I - less than i0 slug f t2zx

I - Less than i0 slug ft 2

i zy }

Iyx - less than I0 slug ft 2

For the S/C in the lending configuration just after retro separation (assuming

all mldcourse vernier fuel and the nominal vernier fuel required during retro

burning and separation have been used), the actual moments of inertia shall be _

and I end +iO percent for I "
known for each S/C to -+5 percent for Ix y, z

h.l.2.11 Radius of Gyration

_ne radius of gyration for the spacecraft in the landing

configuration of h.i.3.1.3 shall be between 28 and 32 inches with respect to
the X and Y axes.

h.I.3 Center of Gravity and Alignment Requirements

. / The bsslc allgnmert plane of th S/C is that plane defined

by the col_mn base fittln_ of the S/C base frame. The pe1_endlculsr to that

plane pessing through the geometriesl :enter of the S/C optlcel %oollng fixtures

is the 8/C loll axis as defined in 8action 1.3. In the following _ulre_n%,sp

%he overall system requirement is first given followed by further breakdowns

where appliceble.

,_[.,.:,'_'aC_..........':"-":'::- ''::"" ":" ':........l .........
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4.1.3.1 _c:'_fr :{c/}:o:_<a! v.'.

4.i.3.i.! La2,_ncnCo____n[icu} atio,'_

The c.C. of the total S/C, inc!udinf< the main retro

engine, full load of readier fucl, r_itro_;cn!as, and helium gas, when in the

launch configuration si;a!lbe wi?hin I.CC i_'_chesX' the S/C roll axis in a
direction perpendicular' to the r_IZ axis. For 8C-3 at.2SC-4 only, the center |

of _ravity shall be witni:_ the _:_v_--i,__o depicte_ it. Fi_'u_'e4-2. !
4.i.3.i.2 Retro Conflgurat ion

The total c.g. of thP S/C In61udlng m_in retro engine,
vernier fuel, nitrogen gas, planar array and solar panel in landing condition,
and excluding the altitude marking radar; shall be wiZhin 1.00 inches of the
S/C roll axis throughout the main retro burning phase.

i

4.1.3.1.3 Landing Configuration

The e.g. of the S/C, less the main retro, vernier fuel,

and nitrOgen g_s, when in the landing configuration shall be within 1.O0 inches
of the $/C roll axis in a direction perpendicular to the roll axis. T_e. actttal
position of this e.g. shall be known for each S/C to within iO.1 inch (2) for
post-f._ight analysis purposes.

$

(
4.1.3.2 Spacecraft Vertical c.g.

The c.g. of the S/C when in the landing configuration
(as defined in h.i.3.1.3 above) shall not be greeter than 20.h inches nor

less than 16.9 _nches above the S/C ](Yplane and this distance shall be known

for each S/C to .+0.Iinch (2) (desired) or 0.25 inch (2) (required) for post-

flight analysis _urpose.

_.I.3.3 Offset Between the Retro Engine A_nrust vector and

the CQmhlned S/C'Main Retro c.g. _

ThrouKhout main retro burnir_ for all expected en_iron-

mental and spacecraft conditions, the perpendicular separation between the

actual retro thrust vector and the combined S/C-main retro e.g. shall not
ezceed O. 18 inch (1). This separation is apportioned between the verioul
contributors as follows :

h.1.3.3.1 Initial Alignment --
lJ ,.

The main retro e_i_J shell he Inltelled such el %0

minimize the offset between the retro engine *_ruat vector end the combined "
S/C-retTo center of gravity et retro ignition,
I i m,_ '

------- w -.mm
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Zone of main retro interference! mirrors vertical (center-of-gravity
shall not fall within t_Is area).

Mirrors are adjustable into this area if main retro mounting permits.
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_.i.3.3.1.I Install "ion

_i ' The offset between the location of the retropredlcted

t{_ust vector at retro ignition and _he predicted combined S/C-retro c.g. under

ali@_ment conditions shhll be less than ().C/_5inches.

4.'1.3.3.1.2 Spacecraft Center of Gravlt/f

The errnr in _redlc_ing the location of the spacecraft

center of gravity under the following alignment conditions sl]allbe less
than O.O15 inches (i):

a) The S/C is in the retmo descent configuration

(e.g., markis6 radar ejected, planar array and
solar panel in landing condition_;, landing legs
and omnl antenna extended).

b) Nitrogen gas weight equal t_ the loaded weight
minus the expected usage prior to -etro ignition.

c) Vernier propellant used is 1/2 of nat required
for a 30 mldcourse _'-_....._l_s i second |

d) Helium gas distribution correspondln6 to that

required to expel vernier propellant to the"
vernier propellant alignment condition.

( ' e) Planar array at nominal landing position selected
for the particular la,/nch. _

4.1.3.3.1.3 Retro EnKine..Assemblx Center of Gravi%_ _ •

As given in 4.2.1.Ii

h.l.3.3.l.h Inltial Retro EnKlne Thrust Vector Location

t
AS given In 4.2.1.iI

h.I.3.3.1.5 Planar Arr_ Posi_i0n

To allow for a chan_e in landin_ site followlng

launch, the shift in the combined S/C-retro center of _TaVlty from the ali_- !I
•en% oo_L_tion _oduced by correspondlng change in _l_n_T l_r_y position _;,
_l_hin %he aa_ul_r rtz_e as _lyelt in puq_aph _.8.1 3.3 e_ll be lel|



h.l.B.3.1.6 Com1"ined Center of'Grs'#ity Ballast Limltetions

i The msximum b_llsst thst m_y be _dded to the spsce-
crsf't lendlng psds to 81i6n the spscecrsft/retro combined center of _rsvity

to the retro nozzle centerllne is listed below for eat), leg:

Leg nlunber ] 1,5 pounds

Leg number_ !.5 pounds

Leg nu_nber _ "9.2_ pounds



_.1.3.3.2 .Change in Offset During Retro Period

' .' The change in retro thrust vector to c_bined center of

gravity offmet ihali be controlled by the following requirements:

_.1.3.3.2.1 8/C Deformations Due to Heat and ThruJt Load

As given in 2.1.3.16.1.

_.1.3.3.2.2 Vernier Fuel System c.E. E_curlion8 .

AS given in 6.1.3.6.4.

_.I.3.3.R.3 Retro Engine C.K. Exc_trsions During B_rnlrMi

As given in h.2.1.1_.

h.l.3.3.2.h Retro Zngine Thrust Excursion1 D_rir_ B_r.nir_

As given in _.2.1.].3

/-

_ h.l.3.b Retro Engine, Thrust Vector Angular Ali6n.mnt:

Throu6hout main retro burning for ell expected

., environmental and S/C conditions, the angle between _ne actual main retro

thrust vector end the senscr group roll axis boresight shall not be greater

then O.h degrees (I). This specification shall include the following: i

4.1.3._.i Retro Installation: '- , ii i i

The Instellaglon of the retro engine to the sl_acecrsft . !

shall be controlled such that a line perpendicular to the retro reference

Diane (ace Section h.2) shall be parallel to the spacecraft roll axle (see

Section 1.3), within O.C5 degree (I).

_.I.3._.2 Sensor Grou_ Installation
i i i i

Am glven in _.1.3.7

_.i.3._.3 _or Grou_ A!lanmnt _xcurmionm Due %o _at end
.Thr_.Jt.rid Vi_r,_on to,a. "" -

Am $iven in _.I.3.7.3

J

_ ,

_ nlnUa IPWC'_'ZmlAX,_ U&Sm
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4.1.3.4.1_ Retro Enginf Thrust AliEnment

( As given in _.2.i. II.

h.l.3.h.5 Re#re Engin e Thruzt Anguiar Excursions D_ring Burning

As given in 4.,?.I.17 and h.i.3.16.2.

£.I.5.5 Vernier Engine Thrust Ali_ent_

4.1.3.5.1 The vernier engines including the swiveled engine when

al its mechanically centered position, shall be installed so that the following

overall alignment requirements can be met t,mder the stated conditions through-
out the life of the engine.

4.1.3.5.1.1 With Main Retro Off

With the main retro off and the vernier engines at any

thrust level, the angle between the actual thrust vector of any one engine and

the S/C roll axis shall not exceed 0.70 degree(1).

4.1.3.5.1.2 Wi_h t_e Main Retro On

( Throughout main re_ro burning with the vernier engines

at mld-thrust, t_ angle between _he actual thrust vector of any one engine and

th_ S/C roll axis shall not exceed {).55 degree(l).

h.i.3.5.2 These overall requirements (_.i.3.5.1) are made up of _he

following contributors.

h.I.3.9.2.1 Installation Alignment

The vernier engine alignment "angle is defined ss the

angle formed by rotating the vernier engine about its trunnion axis such that

the nozzle centerline moves from a position which is parallel to the space-
craft roll axis to the aligned position. A positive angle signifies that the

vernier engine is rotated such as to move the nozzle towards the e_ine mounting

bracket. The alignment angle shall be +0.15 degree for _ii engines. In a

dlrection normal %o rotation a_out the trunnion axis', the englne centerllne

" shall be al_ned parallel to the apececrext roll axis. The angular alignment

tolerance for all engines in both of the above dxrection8 shell be 0.075 degrees

(I), except for the alignment angle of e_Ine I which shell be O.i0 degree (I).

The allgamnt tool weight shall be ii , i pounds. The supported weight on the

bracket 8hell be 8.h9, 6.80, 6.79 pounds for engines I, 2, 3, reapectlvely.

The e_rted _igh% shell be within 0.2 po_d of the above values.

0

......... 'I_ ....... • 31i:';_,_" ": ............ _ ............. '
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h.I._.5.2.,' Vernier Engine Mounting Bracket Bending Constant

As _iven irl i_. ].j.l.O.b.

h.i.3.5.;'._ Vernier Engine Thrust Vector Excursions

As given in I+.?..2.11.

4.1.3.5.2.4 Environmental Effects. The shift in angular align-

ment of the vernier enaines from the initial prefliaht alignment condition due
to flight environment excluding bracket bending resulting from acceleration

and thrust loads shall be leas than q.l degree (2).

L.I._..6 Vernier Engine System to Sensor Group Roll Ax.is

Ali_nment

In this section, the vernier engine system shall

_nclude all nozzles, control valves fuel tanks, fuel lines, helium t_nk,

•_,ndhelium lines as installed on the S/C.

$.I._.6.1 ,Moment Arm L_ngth

$

For each spacecraft, the Oistance from the spece-
-'raFtroll axis to each of the vernler engine nozzle centerlines shell not

deviste from the mean oF the three distances for that spacecraft by more than
'.I0 inch (2).

/- _e minimum moment arm lenFth sh_ll be 3_'.{ inches.
z t

: h I.q.6.2 Verhler Boll Control Gimbal Axis
• _ , •

Given s theoretic_l line psssin_ through the vernier
} thrLultaxis-gimb_l 8_is ,junction and also _ssir_ through _nd perpendleul_r to

the S/C roll axis, the inr]uded angle between this line and the vernier roll
" control glmbal 8xls shall be no Kreater th_n 1.5 degrees f1).

h.I.3.6.3 Vernier Propellant Loadin_ Accuracy

(The specified propellant load for each fuel or

oxidizer tank is one third the total spe,:ified load of fuel or oxidizer. The

indicated propellan_ wg_ht loaded in each of the six l_ropellon% tanks shell
be within Q.'25 pounds (2) of'the specified loading for that talUL., The _tol

error in measurement of the actual propellant loaded in each tank shell be

less then O.l pourd(2). The positive tolerance on _ropellant tank loadlng

shall not reduce the minimum usable capacity of the vernier propell_n% system.
l

_.I.3.6.h Vernier Propellen_ e.g. Excursions

h.i.3.6._.I Vernier Propellan_ c._. Loaded Condition

specified _edlng, the c.g. of the vernle_ propellent ahell be wi_ 0.I Inch

O[ t_,, lil_ mn _i,-. , , , i , ,, , ,
TtII%ll

St_l_ S1_ ;_IOTIO_ALI__ _2h_i20

llI .I I'YSWIMIOMIIOI,,I .
".+ . ':

........... ,.................. .. ",. . ,-,

+ "" ++i" I,-4M," : ..... . ..,,_.,.___..,,,,_. '--,,,in= • ..... ,,,,,, ,;, ............. ,+, ,,.,., ';,- ........ +, , ......................

+I+_T+_,_+:,+,':_++_+.++.+:++:" • '" + +"
• +.++++• ++++.+++,..+:+_:,+,;+++,++-_. +++,++ + ++: ,.+,72+:.i",++ .++ - •+;jo-_+-:+_++_-+++,+_i__+_.+_++.m-+ +.++.<+++'<+++.++ ++:.'-+ <++ +. : +.++.. ,......+| ' +i •
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h.l,3.6.h.2 Vernier Propellant c.g. Duping Main Retro Phas.__ee

_+ Throughout main retro buxning, the vernier propeila+_t
center o_.gravity shall shift in such a direction as to shift the combined

spacecraft-retro c.g. toward the re++rn thrust vector.

_.1.3.6.h.._VernierPro_ell_++tC_'_'Durln_.Vernier Desc.ent Phase

_he S/C c.g. shall not shift mor_ than n.2 Inch(l)

in s direction parsllel to the XY pl.ne durln_ the vernler oescent phase due
to uneven _opells't dls_rlbutiot_.s

h.i.3.7 Fllgnt Control Sensor. Group Support S .ruct._reAlignment

This group includes the primary sun sensor, the _anopus

sensor, the roll, pitch and yaw attitude gyros, cnd accelerometers.

_.I.3.7.I The sensor group support strugt_re roll axi:$ shall be

_+ " allgnec_ to the vehicle roll axis within 0.I0 degree(l).

h.I.3.7.2 The sensor group support struc_uTe ;,itch axis shall be

aligned to the vehicle pitch axis within O.hO degree(1).

[" 4.1.3.7.3 Angular alignment uncertainty of the sensor group to the
• i vehicle roll axis due %o acceleratlon and vibration loads and heat loads shall

_ not exceed _',20 degree(i).

_' h.i. 3.8 Canc_us Sensor Alignment

_+ The Cano1_us sensor boreslght axis sha1_ be alilned to tEe /_

sensor Stoup suRport structuze pitch axis such that the overall ]_Intinl 8pecl-
fication of h.3.1.2 can be met. Further, it shall be possible %o position the
Cano_l sen_or field-of-view in the _lane of the sensor lffoup pitch-rol_ axes

%o the accuracy and over the l_ai_s specified .in _.5._+.2.

- &.1._.9 o)",'o Atl_mmt

+f the _ _ _ be S1_l_e4te the_P_eepee.
tire ee_e_ Iro._axes eueh _at _e epeeifiottie_sot k,3.1 elm 1141lit.

I I _ II I II III m I I I I I M II t__ I I I

llk.. I _ II I . I I i ..... _ _ ,

- .
• _ . I J II II I I I , , ,,,, , IIII I i II t _ 1_ i'_l HIp -- r P" _ '

t+

+i+¢:::+ _ "+ , , .
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_.i.3.i0 Thrust CoD_F_I A_9_©rometer AllarJent

.The tccelerometer seneitive axis shall be aLi6_d along
the sensor group roll axis such that the thruJt control requlremen%s of k._
can be met.

_.i.3.tl Att_tud_ _rki_ _dar

The m_tenaa axis shall be within 0.50 degree (Z) of the
vehicle roll axis provided the ra_I at_ch points shall be within 0.25 degree(l)
of proper orientation, following exposure to all pre-retro S/C environments.

o

_.1.3.12 Radar Al_t_imcter and D_D_T Velocity 8enmor

During vernier _escent, _he radar altimeter _'_"_enntaxle
(RF beam) shall be aligned within 0.,_ de<ree(I) of the w h_cle roll axis; and
the doppler velocity sensor _%,ate_:naaxes [IRFbeam) shall be aligned ,rlthlnO.hO

Idegree_-) of the desired oirectior,s. Durir_"_aia ret_'oburn, the doppler velocity
sensor antenna axec shall bc a/igndd wLthin __.,5dc__'eez(I)of the desired directions.
(See 1.3 for definition of _nten_a __s_)

_. I.3.13 Antennm/Sclar Panel Posltlmmr

The antenna/sol£r panel posttloner shill be installed _ueh
time the requirements of _.8.1._._ can be met.

" The Drlr_ry sun men, or s_.dt_l, be _.,,ult,lll_ld on _ 8snoot
group support atr_ct_re such that the overall poln_In_ o_eclflc_ion c_ _.3.1.I !
_e met.

The meeondar_ sun seust, r is nm_tnally _d _ tnu_hdO_
but my alms be ._ed as • backup for the acquisition sun s_moor (1_ _.,_.3). _0

ensure this b_kup capability, the se_ sun sensor mll_ _£_h _/_ _w
axes m_t be aligned ¢o the primary s_ ==nn_r corre_ &lWO_ -.l_m the oole_" /"
_anel is _n i_ tranolt po_itlon, _o wi_n _.0 do_es(_)-In _ _Is. _h_o
total ali_at opoelficatlOn Is a relu_ of the fcll_w_ o_r_but_
s_eelficattou

aml_,v_ _nk._.:_.a,

I,.],,_.],_.2 ._eaama._,,,,,,I_ ]Imat*,,,,9,_em]_n,I_

as t._._ ta _.0.8,?,

m _,_

j V ---- " ISle [ - .L,L -I _ I Ill . -.... ; 1-- F _ I
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_.1.3.15.3 Spla,r Panel. Mechg,nism,Assembl_

_.I.3.15.4 Vehicle Structures
, , _ • ,

/ In providing for the planar array-solar panel mast

and the transit roll lock, vehicle structures shall contribute less than
±0.5 degree_i/ to the total alignment error.

4.1.3.15.5 Primar_ Sun Sensor Alignment

, As required by 4.1.3.1h snd h.5.1.4

4.i.3•16 Spacecraft_.Structural. Deformation.

4.1.3.16.1 Retro Nozzle _..Ce!Lterline'to S/C c.g.

For all expected environmental conditions, the dis-

placement between the retro nozzle centerline and the combined S/C-retro
engine e.g. shall change no more than _0.O7 inch(l) from the static no thrust

position during main retro thrusting.

M.I.3.16.2 Retro Nozzle Centerline to S/C Roll Axis

For all _xpected _nvtror_ental conditions, the angle

between the retro nozzle centerllne and'the S/C roll axis shall c_e by not _.
more than 0.15 degree(l) from the static no thrust condition due to mmln
retro -thrust i ng.

4.1.3.16.3 Sensor Group R01 ! Axls to S/C Roll Axis

As given in _.I.3.7.3. :"

.... g.I.3.16.4 Vernier Engine..Angular..Al!_ent _i
i Included in _.I.3.5 •

&.I.3.16.5 Antenna/Sol_ Panel _sStlcmer .8_atlc Deflectlone{ ...... -- - - _ L J I I I I I II1

; _ g_vmn_ _.8.L3.$and g,8.2.3._.

l -- " [11 IIIII III II ii i I .... "

.. - U__ " ,.,.- .......... •
i

i ,_ I ! , '![!_ ,,!_ ,..j, . _ ,.. ,,, .',.,. ,, _ ,,,

II

' "_ -,_;" " ",' H
@

._ . . . _ I in i In'

, ".._ ,.......... ,,,_ ...... /:-., , .'..,' .... '_ :,,.. ,,., ' . _." ,....................... :-_,

i ........"'................ ......" " ................"_-:, _ --. , .- ._

....• ,/_"/_;'_. "L_: . /t .,, :z,.;i..._.C_ :, " _ "' - . ' .'" ' " .....' ' " * " ' "
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{_ 4.1.3.16.6 Vernier Engine Mounting Bracket

The vernier e_ne bracket bending constant shall be
less than 0.50 de_rees per 100 pounds(2)) of load applied along the vernier
engine centerlfne. Expected value and standard deviation of bracket stiffness
is required one month before vernier engine alignment.

h.i.3.16.7 Omnl_Antenna D_mmlc DeflectioT_s
/

(8) During engine burning phases, both retro and vernier
as well as vernier only, the omnl-antenna motion at the end of the bo_ shall
not exceed a magnitude of 5 cm peak-to-peak and shall not have a fundamental
frequency component of greater than 30 cps.

(b) Dur.lnga normal lunar landl_ (i.e., in specification
touchdown conditions) the omni-antenna motion at the end of the boom shall

not exceed a magnitude of 20 cm peak-to-peak e_ndshall not have a funct_aental
D

frequency component of greater than I0 cps.

• 4.1.3.16.8 Planar Arra_.D_ic. Deflections

_ During main retro descent, the planar array transla- .
tional motion shall not exceed a magnitude of 5 cm peak-to-peak e_d shall

_ not have a fundamental frequency component of greater than 30 cps.

f 4.2 Propulsion

4.2.1 Main Retro Engine

• _.2.1.1 Usenn Tot_ m_;e {_e 1.3) /

/See classified addendum. The allowable vari_tlon in

useful total impulse from the ncminsl value is apportioned below.

_.2.I.1.1 Propellant LoedinK Ac@ure_y

As Kiven in Section k.2.1.5.
i

'- k._.I,1.2 Ua_Nble Pro_e%%eat

• . We_.j_ot ];.._pellaatren_a_.a6 _.a_A_ee_Lnest tl_
end of re, to/interval (lies l._) _ be %see _haa I poun4tuA.

?

i i TM " _ '"' '........ T=m, '
• _. eLaws'z__ mmc,r,.mu_ml_O"a,am,m I..... .............. |
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J

&.2.1.i.3 Useful Spec'f.c Imyulse Variation (See 1.3)

A._- given in 4._.1.2.

2.2.1.2 ULse_'u_Specific Impulse (See i._)

See classified addendum. The nominal value of useful

specific impulse shall be specified not later than four months prior to
scheduled launch date. ,

4.2.1.3 Thrust Levels

The maximum instantaneous thrust over the operating

temperature and at vacuum conditions _hall not exceed I0,000 pounds. The I
minimum instantaneous thrust cver the tempe_'aturerange at vacuum condi- "

tions shall not be less than 8000 lbs duri_)_ he time interval from i0

seconds after retrc ignition until the beg_ :_,,gof the thrust decay.

4.2.1.& Thrust Time Profile (,See1._)

( See classified addendum.

4.2.1.5 Pro_ellant Loading

Retro shall be capable of being loaded to any propel-

lantweight between l197.a_d 1300 pounds. Allowable error in propellant
load_ng is t0.) per cent(2) of the specified propellant weigh_, Actual pro-
_ellant weight _hall be known after loading to _0.| percent(2), l_ropellant

load for each launch shall be specified not later _han three mon'As prior to
scheduled launch date.

. _.2.i.6 Propellant Temperature

The average grain temperature at time Of operatlon_i
be 55°F ,2OOF(,_). The minimum temperature at any point within _he pr_tl]_M_t
shall be iOeF. The maximum error in prediction of the avere_ grain _e_era-
ture a_ re_ro ignition shall be 20eF(_) •

0

_.2.1.7 zgn:tlon Time.(S_e_._)

Thenam:na_eaglae:_:_ioa_me (eeeI._)e_IA be
0._0 second for any _e_er&_ure "wi_him _he tease o_ +_0eF _O •�F.
variation on ignition time shall not exceed 0.0_0eecoad(2).

Ii _ ' ,.,
")_ s_v_onm_a,mv,m_,. _:nmm,,m _o

.,--. ..... ,, , .

• ,m _,,_,,_

_:_ _iO_/'; :_ ,'" .........; ........... • ........, _....... • _i,_i_.
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. i

Retro O era e....Z= erv,  ..iZ.ee1.3)
See classified addendum.

4.2.1.9 Re..troInert Weight Ch..angeDu2ing The Retro Ymterval

Four months prior to launch, or e_rlier, the retro
inert w_ight loss from ignition to separation shall be known to within _30

percent(2).

4.2.1.iO Thrust Decay

The time increment measured from a vacuum tkrust level

of 3,500 pounds to the point where thrust has decayed to less than 30 pounde
shall not exceed 12.O seconds.

_.2.1.iI Center of Gravity and fnrust Alignment:
, , i ii

The reference plane for the retro engine is determined
by three points which are the intersections of the centerline of the cylindri-

cal hole in the conical bushings and the plane of the machined surface on the

retro mounting brackets. The angle between the nozzle centerllne and the

•perpendicUlar to the reference plane shall not exceed 0.02 deKree. The center
of the reference plane is defined as the center of the circle containing the
above three intersections. The maximum deviation between both the loaded and

(- unloaded retro center of gravity projected perpendicular]4 to this plane and
%_

the center of the reference plane shall be less than 0.030 inch. The distance
between the nozzle centerline and the center of the reference plane as measured

_n the reference plane shall be less than 0.007 inch

h.2.1.12 Center of Gravity Excursion

L

The engine c.g. shift during burning shall not exceed
0.03 inch(1) in the reference plant.

h.2.1.13 Thrust Excursion +

• Actual thrust vec:tor s_ift in the reference plane during
burning shall be no great@r than O.Oh inch(i) and the angular excursion between

the actual thrust vector and the initial position of the nozzle centerline
0 -(1)shall not exceed .2 degree .







_.2.2.1_ Enline 'Zhr'u.,8t C,_mm_A

_ For • glven thrust comMA mil_£1 into the v1_"l_t_ M_llIDe

system, the actual thrult shall equal the oa_snded thrust vith the fOllO_
sceursetes:

C_e_de_ T_st Actualthrust

30lb. 30lb, lb.
+3 Ibs

/ 67 .ibm 67 lbs -3

+16 ibs
104 ibm i0_ ibm . 5

h.2.2.15 _ine S.t_.tCapability

Excluding any pre°l&unch operations, the engines _hall
be capsule of at learnt4 starts during flight. The time between s subJequent

' ignition of the vernier engines and the termination of the pz,evioua ignition

of the engines shall be at least one hour.

_.3 kttltude Control
-- J,,, m, ,,,

f Vehicle attitude lm. controlled by coubinations of three attitude
!. _ menmtnK instruments and tvo pover or vehicle torquing devices. Control

i accuracies ere mpeclfied in fetus of the difference bergen actual and desired
position of • given spscecraft orthogonal coordinate system. Coordinate sym-
tema used in this _ction .,re"sensor group" and "spacecraft". Their

deftniti_J and rrl_tlonshipm can be found in Section 1.3.

_.3.1 Steady-State Control Aec_raclem

_.3.i.1 Sun Referenc_ Vlth Oe_ Je_ Torquing

• (The menmor group roll L'd.s slw.l.1 be held to _,_.tl_n 0.20
degree of the 8un.8/C llne, plus a_O.30 degree !i_ cycle.

The angle betveen the sensor _rou_ roll-_Itch pl_e and
the pro_eetton of the Canop_ -- 6/¢ line on the sensor group pitoh-ysv pleas

i _ball be held to vithin 0.20 degree of sero, plus • _0_30 degree l_att cycle.

• . .._-.--.,.-- .._....... "'.': -.

',.'-.: '_.'e_qm' - ........ # " A
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_ 4.3.1.3 Inertial Reference with @as Jet Torquing

Assuming the iteml listed below, direction of each sxia ,

of the sensor group coordinate systeu shall be known and controlled with

respect to the zero direction (as defined below) within 0.22 degree plus a

limit cycle amplitude about this point of _O._O degree.

• a) The zero inertial r_ference direction for the

sensor group cbordinate system is that direction
in space which exists when control reference is

switched from optical to inertial.

b) Command rotation about any axis is _ 180 degrees.

c) Gyro drift is not included in the accuracy
requirement listed above.

_.3.1.4 Inertial Reference with Vernier Engine Torquing

_4henthe previous control mode is inertial reference

l with gas Jet torquing, the sensor gro_p coordinate system position shall be •

ii known and controlled with respect to the zero position (u defined in
4.3.1.38) to within O.iO degreeQ2), gyro drift excluded, in all axes when the

j main retro is off and to within 0.30 degree (2) in the pitchand yaw axes when
! the main retr9 _s on. With the main retro on, the error in 'roll may increase

!_ _ to 0.5 degree_ 2) (desired) or l.O degrees_2) (required), on the assumption
• that no roll disturbing moment will exist as a result of vortex action within

the retro engine.

(a) Gyro non g _enaitive drift shall be less than
1 degree per hour (2).

(b) Gyro g sensitive drift shall be less then 2 degrees
per hour per g(2):

per hour per g2(2). (c) Oyro anlsoelastic drift shall be less than 0.02 degree ' "[I(d) GMr_ elastic restraint drift shall be less than O_,6
degree per hour per degree _2).

_.3.2 Attitude Rates
il i ,, i

_.3.2.1 l)_ringprecision aaneuvers for mAdcouree an6 retro

pointing, the e_ea_y state S/C attitude rate shall be 0.5 + 0.0Oll dearee
per second.

i
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I
4.3.3 Ik_nent¢on_r_ Capabillty

_._.3.1 Yarnlet Jnat_eSy!t_

_.3.3.l.i Pitch and Yaw

" The attitude cor_trol system must be clpable of maAntain-
Ing a stable a_tltude about any axis throu_ the combined S/C-rafts canter of
gravity, displacedfrom the roll axis per paragraph 4.1.3.1 and parallel to the
piteh-yav plane, wlth the follovingminlsmuncontrol moment capability:

' a) 18.90 pound-inches when the total thrust is controlle_
to 200 pound.

b) 2065 pound-lnchee _n the 150 or 200 pound co.and
mode, by allowing the total thrust to increase or '
decrease to that required to provide the moment required.

_.3.3.1.2 _11 Cha_el 6

The vernier roll e_ine st 30 pound| thrust shall produce
at Zeast _D pound.inches(2)of moment control shout the _ehicle roll axis.
T_e _ probability steady state roll actuator angle required to maintain roll

attitude in the presence Rf maximum allovable moment disturbances shall be l_Js
" than _.5 degrees. The minia_ roll actuator stol_limit, in either direction,
_ shall be _._ degrees.

i '



• _.3.3.R Cold GaS Jet Sy!tem

The control moment provided by the cold ps Jet system
shall be: }

Roll - Greater than 4.OO Inch-pounds
Pitch - Greater than 4.25 inch-po_ids

Yaw - Greater than 7.OO inch-pounds

!

4.3._ Attitude Maneuver Capabilit_ of Cold Gas Jet S[a_em

Llsted below are those msaeuvers considered to be a

requirement for a standard lunar mission. The gas-,)etattitude control sys-
tem must have the nec6ssary propellant to compl_t_: "hese maneuvers with a 3s

probab$1ity. In addition, the _s Jet attitude control systm must have
approximately a 100 percent safety factor to take care of non-standard

$ B
conditions.

a) Rate mode : 30 minutes

! . b) Rate absorption : 6 deK/sec

" . c) Optical mode : 64 hours).

! d) Inertial mode • 2 hours
)

e) 8u_ acq_lsition : 1 maneuver

f) Star Acquisition : 1 _neuver

g) Roll : 6 maneuvers /

• h) Yaw(orpltcb) : 5mmeuvera

i) Star verification : k naneuvers

_.3.5 Attitude Maneuver Rst, e.S With Vernier Bnllne Control

• )-

"., i ,i ..... . ..............
: ,
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h.3.6 Att__tude Control Dynamic Respono e

" h.3.6.1 St.___tUp Tr_nslents

Attitude transients due to vernier engine ignition shall

be reduced to a level wherein hhe accuracy requirements of h.3.1.4 can be
met within 1 sec after engine ignition.

4.4 Thrus% Control

Vernier e:_ine thrust is controlled by several independent refer-

ence sources as described in the following modes'of operation:

h._.l Midcourse Velocity Correction

In this mode, the vernier engine thrust "shallbe

servoed to provide a nominal fixed vehicle acceleration of 3.22 ._13.0hft/sec2
for a radio commanded time Luterval variable from zero to 51.o seconds.

! ._. 2 Main Retro Phue
#

t In this mode, the average vernier thrust shall b,

#_ maintained at a constant level by the th-'_t control system while individual% en_ir.es are differentially throttled by _e attitude eentrol _tm t@ @eunter-
_f act main retro thrust offset maRents. Average total vernier t_uCt shall be
_ radio c_mandable to one of two values: 200 pounds ±I0 percent(2) or 150

pounds ±lO percent(2). When the 150 pound thruJt level is ccmmanded, severe

attitude con%rol coemands to individual engines may cause one or more engines
to saturat_ and thus raise the average thrust leval above 150 pounds.,

_.4.5 Main Retro Separation

_. This mode begins at the 3.5g acceleration level during
main retro thrust decay (see Section 3.9) and ends ,2 seconds after the retro
separation bolts have been exploded. To facilitate clean separation of the

main retro fru_ the S/C, average tot_,vernier thrust shall be maintained at a
- _nil_a c_stant level of ESO pounde .

.
't,
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O

" 4.2.4 Vernier Descent Ph.ue

_,i_ _ _.ae It divided int'; t_ee m,_des of vernier
engine thrust control, l_._ey are: _=; acceleration contr-:l, (b) velocity
control by range reference, aa _. (.') constant velocity control. Listed in
order below are the speciflcatlens -evertng _he_e modes cf control:

h.h._.i Acceleration Control

' Following the main retro separation mode "_r.oprior
to altitude reliable opera+e signals, the vernier engine thrust shall be

: " " _ "" '_r'/seT_" Iservoe_ .o m_._az:, a ,....:._....-..-__":.;".'<<.:_.ss_""_t,i¢<" L..%:i ,).i_

The minimum S/C weigkt J_2"l._ Z_iS interval shall be as specified in 4.1.2.7.

g._.h.2 __a_e Reference Veloci_d Control

= In this mode, the S/C will be ec_amanded _,cfollow a fou_
segment z-axis velocity versus slant range descent trajectory. The segment

' end points (listed below) fall near a constsat thrust to mass ratio descent
trajectory. When the steady state is reached on the first se_nent, the error

: between the comm.a_dgdvelocity and the measured velocity shall be less than
2 feet per seco_E_2).

•_ When the S/C is above the segmented trajectory and the
_- velocity control is saturated, the S/C thrust to l_UlS ratio s_lll _

as sp_cifled in paragraph h.h.4.1. When the S/C is below the segmented traJec-

_. _ tory and the velocity control is saturated, the actual S/C thrust to mass

% ratio shall be 12.51 _ O.19 ft/sec'_. II

It should be assumed for the purpose of meeting this
specification that: (a) the S/C t_ust axis will become aligned to the
velocity vector prior to making contact with the _egmented trajectory, (b)

T-

{ sensor limitations are nol exceeded, and (c) the S/C maximum weight at the
! time of intercept with the commoad trajectory is as a_eclfied in h.I.2.8.
{

i SEGMENT END POINTS

"--_ange .... VelOci{# -: " R_ng_ Velocity /"
Segment (Ft) (Ft/Sec) ±_ (Ft) (Ft/Sec)±3o

/

l , o o ±o.5 327 _8 ±

327 58 _ _ 1,o5o _o8±

3 950 _0_ _ i_ '13.160 390 =

" " " " - :- - : - " ' ' '_ ' "' '" '" -' 7 '" : " " ' ' '

I I ii ........ ..,.. ,,. ,.,

i _'_I_ " "_- l I _ II li I li i l l' ' Nil I laa I i I I _.li li

l
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4.4.Q.3 Constant Veloclty Control

See 3.10.1.5 The minimum weight during this mode is as

specified _n 4.1.2.4.

i

4.5 0_tical Sensors

The fllght control sensor group inc.ludesan acquisition

sun sensor, a primary sun sensor, and a star (Canopus) sensor. The acquisition

sun sen_or e_._A&s _uff_aient attitude control accuracy to permit sun acqui-
sition by the primary sun sensor. The primary sun sensor and the star sensor

provide accurate attitude reference information both during coast phase and for
initiation of attitude maneuvers. In addition, a secondary sun sensor, located

on the solar panel, is used after lunar landing for l_oaitloning the solar panel
d_rin_ the lunar day; it may also be used before lunar landing as a back-up for

the functions of the a_quisitlon sun sensor.

4.5.1 Primary Sun,Ser_eor

4.5.I.i Fi_d-o.f-View

The primary sun sensor field-of-view shall insure automatic

sun acquisition after initial positioning with the afforded by using theaccuracy
acquisition sun sensor. In addition, the primary sun sensor flela of view shall
be such that lock-on and the required tracking accuracy can be maintained with

the planar array in either its coast phase position or its terminal descent
position.

4.5.i.2 Lock-on Si_mal

The primary sun sensor shall provide a signal whenever the
sun is within its usable field-of-viev.

4.5.I.B Trackin_ Accuracy /I
/

• When locked on and tracking the sun, the error signal

accuracy shall _ such that the over-all attitude control emcu_acy of _.3.1.i
can be met.

@

_._._._

_heslllpmqm%aeeu_se¥or' _ ]?rJ,am'ysuaeeaaoroa _he
nnJe_ I_'o_IP.a,Qlpe_ et_e_re sha_ltm e_ah_:hat the ove_-eAls_i_u_ecem_rol
seemmeMe__._.I.1sea_e ,met.

|
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_,5.2 _c9_a_ SunSe_or

_ 4.5.2,1 m,eld-o¢-ww
The secondary sun sensor fleld-of-view shall be at least

one hemisphere.

_.5.2.2.

The secondary _un sensor shall be c•pahle of providing an

output which indicates, after lan_ing, when the true S/C-lun vector is within

_0.75 degree(2) of the secondary sun sensor boresight axis. (This accuracy is
more than ,..!,-q_sl',. for , _e as a sun acquisition back-up before lunar landing.)

4.5.3 Acq_Islti_n S_ Senmor

4.5.3.1 Field-of-View
%

The acquisition sun sensor shall provide • clear, fan-

shape_ field-of-view, fixed in spacecraft coo_inatee an_ centere_ on the -X
•axis, coverin_ at least ±3* fr_ the X, Z plane over an angular region of

•' dt<_O*in the X,Z plane.

_.5.3.2

The acquisition sun sensor shall provide an on-off
switchiug signal whose "on"*state indicates correctly the presence of the sun

within its field-of-view. This signal is used for those flight control attitude. maneuvers required to permit sun acquisition by the primkry eun sensor. The
acquisition sun sensor output memory latch is telemetered.

4.5.3.3 Ali_s_nt

The installation tolerance between the •cqulsition sun
sensor and the FCSG mounting interface shall be such t1_ate_ch of the three

acquisition ours sensor axes (pitch, yaw an_ roll) shall be •lllne_ within 0.5
degrees of the corresponding axes of the primery sun sensor.

//"
4.5._ CadmusSenao_'

4.5 •4.1 FielR-of-View

The instantaneous anguD:r field-of-view of the output
signal axis (roll axis) shall be approxi_tel; 4.0 degrees. Field-of-view in

the yaw (XZ) plane shall be enough (>5 degree:.) to make adjustments of the
sensor unnecessary over an eightAday la_ich pDriod.

i

lJJ , ,, , , ........... :,, , _,
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;.5.4.2 Position of _;he Yie_l-c_.Yiev

The center ot the fie_d-ot*vlev shsll be posltionsble_
prior to launch in the plane formed by the vehicle roll an_ pitch axes. In
this plane, the an_le from the roll axis to the center of the field-of-view
shall be adjustable to any an_le between 75" and 105 ° with an accuracy of
+0.5 degree (2).

_. 5. _. 3 L_k-on Signal

The sensor shall provide a constant output (separate from
the contz'ol _A_._ -_nen Sanop_ Is vithin the f_el_-of-vie_.

4.5.4.4 Discrimlnati?_

The sensor shall provide upper and' lover intensity
discrimination level| such that Ca_ol_as will be detected and locke._ onto while
all other celestial bodies within vlev are rejected.

_.5._._.2MOde II

The sensor shall provide intensity sensitivity such that a
. complete star map of stars down to 2.8 ma_itudes below Canopu_ (S_ response)

can be made of those celestialbodies pe_si_ in view as the vehicle is rolled

_60ee Additional sensitivity is strongly desired.

The Canopus error signal null accuracy and sc_e factor
shall be such that the over-all attitude control accuracy of _.3.1.2 can be
met.

The sll4_ent accuracy of the Canop_ sensor ou the
SSUOr llama, a_t structure small be e_ch that the over=e.lj, attitude control
seeurse¥ of _.3.1,2 can be met,

• /
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"- LunarSensors

The Surveyor lunar sensors include the Altitude Marking Radar
, (AM_) and the Radar Altimeter and Doppler Velocity Sensor (RADVS). For

purposes of the design and eval_Aation of these radars, it will be assumed

that the radar reflecting properties of the moon are as described in 4.6.1,
below.

, _.6.1 L_nar Radar Reflectlvit_ Model

For design, pre-filght evaluation, and post-mission

analysis of the A_ and RADVS, the lunar radar reflectivity model shall
be the revised Muhleman model in the form describe_ herein.

2.6.1.1 Definition

That definition fundt _tal to radar analypis is the
ratio of back=scattered power density to totdl incident power for a stated

reflector. For an increment dA of area on the lunar surface, this ratio i|
defined herein as:

_ dPs ='_ F( 0i)
j dPi 4_ .
r

" where

C dPi = total power (watts).incident on dA.

_, dPs = power spatial density (watts per steradlan) "
back-scattered by dA.

ei = angle of incidence (off lunar vertical) of that
incremental bundle of ray8 (by Keometrical optics)

_ containing dPi and intercepted by dA

_ - radar reflectivlty factor (diAenalonlee|), aa

_, defined further in _.6.1.2 /

/" •F(0 i) - angle-dependent function, as defined f_ther in
4.6.1._

4.6.1.2 Tota! Hemisphere AveraKe Radar C_9_I-Se_,ign
I

. The factor _ is i_lelf defined _ _e _t_e. ofp(smT
beak eeat_ered by the actual surface to tha_ l_erwbAehve_lA be _ek- ,
scattered if tMe e_r_ace ecatteri_ _pe:_leevem lee|le|| _ tee_e.

'' I

|tmvlrt_, _ )_rTtOltAL _U_ZI_I_
, . =

Y
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{_ This definition is such that the factor _ is the ratio

of the commonly defined effective radar cross-section of the total lunar hemi-
sphere (as viewed from Earth) to the total lunar physical cross-section (area

of the projected planar disc).

All currently available information indicates that the
present best estimate of this factor is:

= 0.075

This value shall be _ssumed as the nominal value.

4.6.1.3 Local Lunar Terrain Variation

The value D = 0.075 Just defined shall also be inter-

preted as the present best estimate of the average lunar reflective properties
to be viewed by Surveyor radar sensors during approach and descent to the lunar

surface. Because of the radar resolution involved, lunar surface structure is
exl_cted to cause sigDai strengths varyfng both above and below that predicted

by the average value. Present best estimates of such variations (including the
now small uncertainty in the average) produce the fc-_oving requirements:

/

4.6.1.3.1 Upward variations as large as _ db (required), +i0 db
(desired) should be allowed for.

4.6.1.3.2 Downward variations aa large as -6 db (required), -i0 db

( (desire) ahouldbeallowed or. i

4.6.1.4 Angle-Dependent Function F( _ I) ' _

The function F( e i) is defined as:

F( ei) . K (sln_i +aces 0i)'3

VhereK andeare bothvaveleng_hdependent,and F(0 i) ham • maximumvalueof
(KA3) a_ Qi . 0 (vertical),

_.6.1.5 Acceptable Parametric Valuel-

Parameter value• which ere acceptable, vltheut further
J_til_cetion, fen" _eee requim_ hel_lu ares

L_.=_, l _ I I _ II J l li imii i iiiiiiiii lii i . _ .
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• psrme_er ____

0.36 0.39

(K_3) +i0.70 db . +10.15 db

(K/g3) : nominal - 0.55 db - I.I0 db

required mln. - 6.55 db - 7.10 db

desired min. -10.55 db -Ii.I0 db

These values are based upon the present n_nal olH_rat:14_
frequenciesof 9.3 gcps (_), 12.9 gcps (RA), and 13.3 gcps
(_Vs).

#

4.6.2.1 Operating Limits

The AMRshall operate as sl_clfled herein for the
following co_Itions:

_.6.2.1.I Vehicle attitude relative tO iu_Mr _r_i@al not
to exceed 2_'. i

• _.6.2.1.2 Vehicle velocity relative to lunar a_rfaee, in
direction of vehicle roll axis, to be between 8,000 a_ 8,8_0 ft/ae@, i

_.6.2.1.3 Vehicle acceleration,in _ireetlon of vehicle _Ii
axis, not _0 exceed 6 f_/sec2. !/<

#

_.6.2.2 A.It!t_le MarMinl Signal
e

wi%hlntha o_i_ _4_m _,. _.6.8.I,u n.o_

ehe12 tnoe_ tho folAov'LNI _eq_L_unent|t
i

0 _ _ Iq_Z_L mmmmmml J ll_,o
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' 4.6.2.2.1 Th[_ _.C_ai is used by the Flight Control Subsystem to

_i initiate the terminal dez:cnt pha:3e. The time delay between this signal and
vernier engine ignition shall De ,'ommanded from the g_ound, and will vary as a

function of the approach an61e, appl-oach velocity, and mldcourse maneuver.

4.6.2.2.2 A correction term will be included in the time delay in

4.6.2.2.1 to compensate for the difference allowe_ by 4.6.2.2.5 between the

desired marking range and the nominal marking range.

4.6.2.2.3 The desired markin_ range ghall be 60 miles (316,800 feet).

4.6.2.2.4 The nominal marking range shall be the predicted average
marking range, defined as the arlthmet'Ic mean of those two range values at which
%he cumulmtive pyobability of marking is predicted to be 0.001 and 0.999,

respectively, as a functioh of approach angle.

I 4.6.2.2.5 The nominal marking range as defined in 4.6.2.2.4 shall

be within 1.0 mile (5,280 feet) of the desired marklng range specified in
4.6.2.2.3, for all approach angles required by 4.6.2.1.

.6.2.2.6 Random deviations from the nominal markSng" range as
defined in 4.6.2.2.4 shall not exc_e_ _0.3 mile (1,584 feet)(2) for a vertical

approach or _0.5 mile (2,640 feet)(2) for a 25" approach.
a

4.6.2.2.7 Thle signal shall not be produced prior to receipt of

i the AMR ENABLE command specifir-d in 4.6.2.3.2.

I ( _.6.2.3 AM_Gro_ndC_n=a_d,s ""

I 4.6.2.3.1 An AM_ POWER ON command shall be transmitted 280 Z lO

I seconds(2) prior to the predicted time of _he altftude
marking signal.

I 4.6._.3._ An AMB ENABLE com_nd shall be transmitted i00 + i0

,' leconds (R) prior to the predicted time of the altitude marking signal.

_.6.R.3.3 These requirements are based upon an assumed absolute
accuracy of _I0 seconds(_) in the predicted time of the altitude marking signai,

: baaed _pon ground tracking d£ta and t_e nominal marking range. //
, /

_.6._._ False Alarm and Markin_ Probabilities ,.

: The l_robab_lity of o_aining a false altitude markln_
'_ signal or of not obtainin_ a mawr signal at all, neglecting equipment failure,

. shall not exceed 0_00_ during the time from A_ ENABLE _n%il a ilant range _en
miles (_,800 _eet) less than the nominal marking ra_e is reached (a maximum "

t time of _7 seeor_s). For the rea.ulred .e_lpment rellsbilit_ of_O.ggg_ (see
, _._ herein), the res_lt_,nl reAuired overt_l pa_babt_lt¥ e_ ln_r per_on_aee

/ - is 0.99T_.
•e
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_" h .6.2.5 Ailgr_,e_: Accuracy

As specified in 4.1.3.11 of this specification.

4.6._ boppler Velocity Sensor (DVS)

h.6.3.I . Operating Limits

The _VS shall operate as specified hereln, for the

following conditions:

_.6.3.1.i Vehicle roll (_) axis relative to lunar verti:2al not to

• exceed :,9°. Attitude at acquisition not to exceed 25 _.

4.6.3.1.2 Maximum required slant range to lunar surface,

along vehicle roll axis. not to exceed 50,000 feet.

4.6.3.1.3 Minimum required slant range to lunar surface,

along vehicle roll axis, is that value sufficient to insure DVS operatlon

through the RA generation of the second Range Mark Si_l specified in
h.6._.5.

(.
4.6.3.1.4 Vehicle static acceleratioma alougthe vehicle ro11

axis not to exceed:

4.6.3.1.4.1 Before main retro burnout: 380 ft/|ec2

_.6.3.1.4.2 After main retro burnout: 12 f_/eec2

.6.3.1,5 The DVS shall operate 88 required hereln i, the
presence of the ee_rating main retro en6ine.

/

_.6.3.1.6 MaEnlt_e of yah%ale veloei_ yea%or i_ within the llmlta:

mrz_ lro_zolu_ ltl_Ugmlmlm I I1%o .
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h.6.3.1.6.1 Before main retro burnout: +I00 to +3,000 ft/-see

{_ (descending) .

h.6.3.1.6.2 After main retro burnout: +7OO ft/sec

(descending) for SC-I and SC-2; +i to +850 ft/sec (descending), for 8¢-3

through SC-7, inclusive.

t

4.6._.i.7 The maximum angle between the vehicle roll axis and

the vehicle velocity vector st time of DVS acqulsition is defined in the

following way. Each DVS beam shall be capable of acquiring and tracl:Ing

(with adequate margin against acquisition of a false signal) a legitimate

lunar reflected s_gnal arising from operation within the operating l_m!_3

herein specified, prcvlded further that the combination of magnitude and

direction of bhe velocity ._ __.c_or does not produce a component of velocity

along the DVS beam ax_s less than the _cllowlng lower ]imlts:

4 g.3.1.".l Before main retro burnout: +IOO ft/sec.

: h.6.3.].7.2 After main retro burnout: The greater of

+e9.6 ft/sec or s straight line through +38 ft/sec at hO,OOO feet and

+62 ft/sec at 50,000 feet, both ranges bein_ slant ranges to the lunar
surface, along the vehicle roll axis.

(- h.6.3.1.8' Each DVS beam shall also be capable of tracking 8

_ legitimate lunar reflected signal, once acquired, producing a velocity

component along the axis of that beam as low a_ +I ft/sec, provided that

signal has adequate pover level. Adequate power level shall be no more

than required by a reasonable and prudent design capable of meeting the

acquisition requirements in 4.6.3.1.7.

b,.6.3.2 Outputs
e

_ _.6.3.2.1 The DVS shall furnish appropriately scaled DO analog

_,- output voltages which respectively represent, consistent with other require-"

_: manta herein, those three coml)onenta of vehicle v_locity relative to the
_. lunar surface defined by the orthogonal x, y, s sXes of the vehicle, where

il the vehicle roll axi_ in the normally descendlug direction is the �€�axis.

• !
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• i.6.3.2.1.I These Spacecraft velocity outputs shall be

_erlved within the DVS from the separate velocity components normally
measured by the several DV_ beasts.

h.6.3.2.1.2 The separate velocity component indicated by

any DVS beam which has n_t acquired an apparently legitimate lunar

reflected signal shall be zero. (Associated error in the spacecraft

velocity components thus affected is recognized).

h.6.3.2.2 A_ on-off switching signal, indicating "Reliable

Operation" of the DVS (RODVS), shall be supplied. It shall be in the "on"

condition when and only when either all DVS beams are trackln E app_..etltly

_egitlmate lu/nar reflected s_gnals o__rthe CRO signal specified in h._.3.2.3
is "on." When this signal exists for the former reason, DVS operation is

considered "normal"; when this si_nal exists for the latter reason, DVS

operation is considered to be CRO. (Note that these two conditions are

_u/tually exclusive). This signal is used by the Fli_ht Control Subs_tem

to switch vehicle attitude control sensin_ to the DV_ outputs.

h.6._.2.5 An on-off svitchiI_ signal, indicating "Conditional

Reliable Operation" of the DVS (CRO), shall be supplied. It shall be in

the "on" condition when and only when at least one but not all DVS beams

are tracking apparently legitimate reflected
have acquired and/or lunar

signals, provided further that: i

4.6.3.2.3.1 Its "orl" condition shall .e inhibited until ' '

_.0 seconds after main retro burnout (see b.6.3.7 regarding acquisition

t_). (

_.6.3.2.3.2 Its_ "on" condition shall be inhibited for %bl

remalnder of the mission once ell DVS besBs have been trackir_ apparently 1
, legitinuate lunar reflected signals for at least 1.0 second.

!

&.6.3.2._ Separate on-off svitchinE silp_ shall be

-provided for %_t_ntation to indicate the ae_eh or t_ckin6 stat_ ..
of each Kff8 beam.
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_" 4,6.3.2.5 _unar Ref]ect!vity Signals shall be available as

specified in h.6.3.10, be]_'w.

" 4.6. _. _ Acc,_racy

_n normal DVS operation (as defined in 4.6.3.2.2), and

under lunar approach cor:d_tions, the accuracies of the analog outputs required

by h.6._.2.! s!:all mee +, 'he following requirements:

0

4.5.3.3.i Each cf _ne Vx and Vy outputs shall be directly and
linearly proportiona] tn it_ '_ssociated true velocity component, witnln the

accuracy specified in 4.t..,'..._.5,whenever that true value lles within the region

+%.'0 ft/sec. The V}: output shall be directly and linearly proportional to its

associated tr_e velocity ccm!_,:ent, within the accuracy specified in 4.6.3.3.3,
whenever that true value 3i 3 within the region: +I to +700 ft/sec, for SC-I

and SC-2; sea +l to +_5C ?t/sec_ for SC-3 through S0-7 inclusive.i

' h.6._.3.2 WLenevrr any spacecraft true velocity component lies

outside the linear region specified in h.6.3.3.1tbut is otherwise within the

region specified in _.6._.i.(_, the corresponding DVS output shall have the

._ correct polarity and a magh_t,:.Je no less than that corresponding to the •

maximum linear value. /

h.6.3.3.3 Ir the presence of steady unchanging velocities

within the linear region specified in 4.6.3.3.1, the DC or average value of

each output, when averaged _;i  ��xten-second interval co_enclng no earlier

than 0.5 second after RODVS, Jhal_ deviate from the true value by no more

than plus or minus the rQot-sL_m-square(2) of one ft/sec And tWO percent

of total velocity, for velocities not exceeding +700 ft/sec, or the root-sum-

square (2) of one ft/sec and three percent of total velocity, for velocities

between +700 end +850 ft/sec.

4.6.3.4 Noise and Ripple

In normal DVS operation (as defined in 4.6.3.R.2), and

under lunar approach conditions, and when the vehicle roll axia is within five

degrees of allgnment with the vehicle total velocity vector, and for true



velocities within the linear regions specified in 4.6.3.3.1, and after pmsslng

each veloclty output required by g.6.3.2.1 through the proper Spacecraft (S/C)

i" respo_.se simulation filter as described below, the instantaneous value over any
• sixty-_econd interval in which the true value is essentially constant shl_llnot

i deviate from +he DC value over that interval by more than the following values

_ (which, as _:-flned,have been shown as most nearly representative of three- .
sigma excursions) :

4.6.3+4.1 Each of VX and Vy (when Vz is 6.5 ft/sec or £reater):
0.[50 ft/sec, or (O.O88_-Vz) ft/sec, whichever is larger, after a S/C response
simulation filter having a transfer function of: (i)(2.6s + l)'l(O.lls + 1)'2•

(For test signal inputs which are essentially single-line spectra, rather than
real or simulated doppler spectra, the 0.250 ft/sec limit shall apply at all

velocity values being simulated. )

h.6.3._.2 For Vz (without further restriction on its true value):

0.O00 ft/sec, or (O•ll4 _F_?;)ft/sec, whichever ls larger, after a S/C response
simulation filter havi_,,a transfer function of: (1)(O.08s +1)"2• (For test

signal inputs which are essentially single-llne spectra, rather than real or

simulated doppler spectra, the 0.600,ft/sec limit shall apply at all velocity
values being simulated• )

4.6.3.4.3 The above shall not preclude the use of S/C response
simulation filters having frequency-insensitive gain factors larger than unity,

for ease of test instrumentatdon. In such cases, measured output voltages shall
be interpreted by similarly increased electrical scale factors for comparison

with the above requirements.

+ 4.6.3.5 Waymu_ Time .

The DVS w_rmup time shall not exceed thirty (30) seconds,

from'appllcation of primary power to delivery of the IIODVS signal under suitable
operational conditions.

_.6.3.6 The DVS shall be capable, after wmrmup, of all operations
required herein until at least 4.5 minutes after applicatioa of primary power.

Until at least 6.5 minutes after application of primary power, the DVS shall not ]
cause catastrophic failure of any other vehicle equilxnent because of thermal /": problems within the DVS. •

4.6.3.7 AcQuisition

After equipment wmrmup, the DVS acquisition time after '
the conditions specified in 4.6.3.1 aFe simultaneously met shall not excee4

+ 2.0 seconds, w£th am acquLoll:/oa probabLlizy of aZ least 0.9'_ om Say DV8._.

beam meetin8 tbose eeudlclous. ThLs requLrement may be applied sepuaceLy to
_ operation before main retro burnout and _o

e

3
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_- operation after main retry> burnout; i.e., a reacquisition time is allowed

L after main retro burnout. (Note that CRO is required by 4.6.3.2.3.1 to be

inhibited until 4.0 seconds after main retro burnout; this allows two

normal 9cquisition times for no_mal operation before CRO becomes effective).

h.6.3.8 Response Time
J

Not t(, exceed 0.i second (63_, no overshoot).

4.6.3.9 Aiigrment Accuracy

The DVS antenna axes shall be aligned r_lative to the

antenna boresight axes w_thin 0.i degree(l) • The overall allgr_ent accuracy

shall be as specified in 4...2.12 of this specification.

4.6.3.! r Lunar Heflectivity S_gnal_

Appropriate digital and/or analog signals from each of
the DVS receivers shall be made available for instrumentation tc prcvide

measures of received signal strengths for lunar reflectlvity analyses, and

sbail meet the following r_quirements:

4.6.3.10.1 The conversion from the instrumented signal to the

appropriate DVS beam signs_ strength shall be known (after calibration, if

necessary) to within ±2 db (6).

_ __ 3.1o2 Thi_con_erslo._hallbea_ailableoveratotal
dynamic range of input signal strength, per DVS beam, of at least 80 db

(desired), 60 db (required).

/ 4.6.4 Radar Altimeter (RA)

•6.4. I Operating Limlts //

The RA shall operate as required herein for the

following conditions:

g.6.4,1.i Vehicle roll axis attitude relative to lunar vertical
-}

not to exceed 45 °. Attitude at acquisition not to exceed 25 °.

_* 4.6._.i.2 Maximum required slant range to lunar surface, along .

vehicle roll axis, not to exceed 40,O00 feet.

_ .. ,..
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_i 4.6.4.1.3 Minimum required range .to lunar surface, along
sl_t

"vehicle roll axis, is that value zufflclent to insure RA operation throu6h
the generation of the second Rathe Mark Signal specified in _.6._.5. (For

design purposes, RA acq_lis_Ltir.nmay be presu®ed to have occurred before the

slant range has decreased to _OOO feet before the scale factor c.hange, or
to iOO feet after the scale factor change specified in 4.6._.2.1).

h.6.4.1.4 Notwithstanding any other provisions herein, the RA
is not required to operate until after main retro burnout has occurred.

4.6.4.1.5 'Jehlcle 0_tic acceleration along the vehicle roll
axis i_ not to exceed 12 ft/sec_J.

4.6.4.1.6 The RA shall operate as required herein in the
i presence of the eeparatin_ main retro en4_ine.

4.6.4.1 7 _ehicle roll axis component of velocity at time of

RA acq_isltion: From ¸�ft/sec(descending) to the following upper limits:

4.6.4.1.7.1 For SC-I, -2: A straight line between +560 ft/sec

(descending) st 40,000 feet slant range along the vehicle roll axis and
+700 ft/sec (descending) at 37,750 feet slant range alon6 the vehicle roll

axis, plus a constant upper llmlt of +700 ft/sec (descending) for slant
ranges along the vehicle roll axis less _han 37,750 feet.

" 4,6,4,1.7.,2 For SC-3, -4: +850 ft/sec (descending).

t

4.6.4.1.8 Maximum angle between vehicle roll axis and direction
of vehicle total velocity vector Is _ot to smeeed _e.

•6 ._.2 Outputs

_.6._.2.1 The RA ahall furnish an appropriately, scaled DC az_aloE

output voltage which represents, consistent with o_ler requlrements hereln_
•the slant range to the lunar surface, aloni _ne vehicle roll axis. To p_ovlde

the required dynamic range and accuracy, the |cale factor of this analo_ o_tput

• ! ° /
in H _COM  V
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_o shall be switched upon generation of the first Range Mark Signal specified
in _.6.4.5. When the RA is operating reliably (as defined in _.6.4.2.2) and

the true range is greater than the maximum required range (or saturation range),

the range analo_ output shall indicate a range no less than the maximum

required range.

4.6..2.2.2 An on-off switching signal, indicating "Reliable.

Operation" of the RA (RORA), shall be supplied. It shall be in the "on" .
condition when and only when the RA tracker is tracking an apparently

legitimate lunar reflected signal and those DVS beams required to obtain

. proper Vz output from the DVS ere also trackin6 apparently legitimate lunar
reflected signals. This signal is used by the Fllght Control Subsystem to
switch thrust control sensing tc the Rz, Vz outputs of the RADVS.

h.6.£.2._ An on-off switchin6 signal shall be provided for
instrumentation to _ndi.ate the search or tracking statum of the RA beam

tracker.

_.6.h.2._ Rar_e Mark Signals, as specified in _.6.£.5.

4.6._.2.5 Lunar Reflectlvlty Signal(s), as specified in 4.6._.ii.



4.6.4.3.2 If the RA tracker is tracking an apparently legitimate

lu_ reflected signal but the other conditions specified in _.6._.2.2 are not
met (RORA is "off"), the above accuracy may be exceeded to t!mt degree

corresponding with the error in the Vz output of the DVS.

4.6.4.4 Noise and Ri_le

In reliable operation of the RA (as defined in 4.6.4.2.2),

and under lunar approach conditions, and when the vehicle roll axis is within

five degrees of alignment with the vehicle total velocity vector, and when the
magnitude of the vehicle velocity does not exceed the greater of 10.5 ft/sec or

(4_,s) ft/sec (where Rs is the true slant range in feet along the vehicle roll
axis), and after passing the output required by 4.6.4.2.1 through a S/C response
aimul_tion filter having a transfer function of (1)(o.oSs + 1)"2, the instan-

taneous value over any sixty-second interval in which the true value is

emsentially constant shall not deviate from the DC value over that interval by
more than the following values (which, am defined, have been shown as most
nearly representative of three-slgma excursions):

4.6.4._.1 Either 50.0 feet, or l.2_R s feet, whichever is larger, |

prior to occurrence of the first range mark signal specified in 4.6.4.5. (For

test signal inputs which are essentially single-line spectra, rather than real
or simulated spectra, the 50.0 feet limit shall apply at all range/velocity
values being simulated.)

4.6.4.h.2 Either 5.0 feet, or Oo42_-R s feet, whichever is larger,
after occurrence of the first range mark signal specified in 4.6._.5 but prior to

occurrence Of the second range mark signal specified in 4.6.4.5: (For test

signal inputs which are essentially single-line spectra, rather than real orsimulated spectra, the 5.0 feet limit shall apply at all range/velocity values

being simulated. )

4.6.4.4.3 The above shall not preclude the use of a S/C response
simulation filter having a frequency-insensitive gain factor Larger than unity,

for ease of teat instrumentation. In such cases, memsured output voltages shall
be interpreted by similarly increased electrical se&le factors for comparison

with the above requirements.

4.6.4.5 Ramie Mark Simna!s /
/

: On-off switching signals shall be 8ener&ted from the

i analo_ range output required by _.6.4.2.1. Each shall be turned "on" at the

ranges, under the condltiona, and with the accuracies specified below. Once
"on", each signal shall remain on as long &s the _Timlry power remains within
the operating resions or until expiration ot the required operating time. These

i sisnals shall appear on separate outputs.

4.6._.5.i The first zings mlzk lilaal .Mill be lenez_t_ when the

/j analog range output is the vol_e equivalent c_ 1,000 _ 50 feet _'J, provided
that the vehicle velocity lies within the regXon 100 _ 25 _t/aec.

"_ _'11_ 'l I i I l . j ............... • II _ ............ I J
,-
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_.6.4.5.2 The second range msrk signal shall be generated when the

true slant range to the lunar surface along the vehicle roll axis is 14 ± 4 feet(2),

_ provided that the vehicle velocity lies within the r_ion 5.0 _ 3.0 ft/sec.



. 4.6°_.5.3 For vehicle velocities outside the regions specified

<_ above, the accuracy of each range mark signal shall be consistent with a

_, reasonable and prudent design capable of meeting the above requirements.

The RA warmup time shall not exceed thirty (30) seconds,

from application of primary power to delivery of the RORA signal under suitable

operational conditions.

• 4.6.4.7 O_erati_ Ti._e

The RA shall be capable, after warmup, of all operations

required herein until at least 4.5 minutes after application of primary power.
Until at least 6.5 minutes after application of prlma_ power, the RA shall not

cause catastrophic fail_re of any other vehicle equipment because of thermal

problems within the RA.

4.6.4.8 ACculsltlon

After equipment wm;_mup, e_ after main retro burnout,

the RA beam acquisition time after the conditions of rs_e, velocity, and
attitude specified in 4.6._._ are simultaneously met shall not excee_ 2._
seconds for one sweep, or _.0 8eeomd8 for two weeps, vLt_ au aequLoitioh
prob&biltty o_ at least 0.0') per sveep.

4.6.4.9

Not to excee_ 0.1 secon_ (_3%, no overshot).

'- 4.6.4.1_ AlIJmment A_curLc_

The antenna uls Shell be al_e_ relative to the
antenna boresi6ht axis v1_hln 0.i desree(1). _e overall altsnment accuracy

shall be as specified in _+l.B.12 Of thi| |peci_Icati_.

4.6.4.11 _,,a,. _efleativi_y a4_aai• a

I

J A_z_iate 51libel e_L/o_ ant:l.ol o_le 1'_'_ theRA reoelver chela _e um_le availa_le .for i_unea_a_oa _e p_ev_e j neasur_

shall _O_'m _rA_h the @ha_lete_l_le| l_ee_£ie_ _n _.6.3._.0



•7 Te_c_nications
i

_. The telecommunications system shall provide a highly reliable

t. fro-way cc_m_nicatlons link between the spacecraft and the _IF stations
d_ring the entire alss_on. The design of the telecommunications subsystem
shall be compatible _vith the DS_F as defined in the DS_F Requirements
Do_umnt.

 eq ired,rUnctlon.
The system shall be capable of performing the following

s_ecific functions:

_.7.1.i Radio reception, demodulation, modulatio_'_,and trans-

mission n_.cessary for doppler frequency and an_le tracking by the DSIF
during the transit phase from injection until Just prior to the terminal
muaneu_r.

M.7.1.2 Detection and decoding of radio commands from stations

of the _ as required to perform the midcourse m_memmrs, the ter=Inal

maneuvers, scientific instrument control, power mana4_ement, telemetry data
selection, teleccmaunication subsylten controls and other ground controlled

functions necessary to the mission.

4.7.1.3 Processing of all enginmerlng and scientific data

Sil_nals into a form suitable for trenamisslon via the S/C tranamAtters.

_.7.1._ Telemeteri_ of properly processed engineering and
scientific data to stations of the X_IF durir_ both transit (including
descant and touchdown) and lunar c_erations phases.

_.7.1.5 Telmmeteri_ of television picture information to the
stations. .,

_.7.1.6 Transmission of a PM signal with plenum stability such

that the X_ receiver shall not have a phase error, due to unwanted phase
m_dulatiou and noise, iu the carrier trsckir_ loop in excess of _0.0" sero
to peek _,

/
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4.7.2 Transmitters

( .
There shall be two transmitters on the S/C for reli&b'_lity6

considerations. Either transmitter shall be capable of being commanded cn,

one at a time, in either n high power or a low power mode. The power output
shall be no less than 39.6 dbm in high power mode and no les_ than 19.1 dbm

in low power mode.

£.7.2.1 Output Connections

Either transmitter can be connected, by command, to any

one of the three telecommunications system antennas.

4.7.2.2 Modulation Modes

Each transmitter shall be capaole of being modulated _n

any one of three modes: narrow band phase modulation, narrow band frequency
modulatlon, or wide band frequency modulation.

_.7.2.3 Nominal Center Frequency
• ',,L

The nominal center frequency for all transmitters

(except when operating in the transponder mode) shall be sawe specific
frequency 8uch that the actual frequency throughout the operating life
|hall fell within the band of 22_ mc tO 2300 me.

.7.2._ Center Frequency Stability - Long Term
t

_ _.7.2.4.1 Narrow Band Phase Mod_latlon Mod,e

The long term frequency stability |hall be 8uch that

the transmit_er frequency throughout its operetiuE life and over its operetin 6
te_rature ran6e shall not deviate, from the nominal frequency by more than
20 plm (required) or 5 ppm (desired). The frequeneytem_ereture coefficient
shall be knc.m prior to launch _o within _ 0.1 p_m/_F.

k .7.2 ._ .2 Marrow Band. Freque,ncy Modulatl.on Mode
/

: Some as narrow bend PM IM)de| _lrl _.7.2._6._ lbOve. /

_.7,2._.3 Wide BendFreq_ncT Modula_ionM_e .

The lon6 term frequeneM |_abtl_, o_1 be |_oh %ha_
_he trenss_tar f_eq_tae_' _hro_ho_ _s opera_u8 %_ lad o_er _s .
o_ra_tM _rs_r_ rsu/e she_%uo_ de_aqe trm _M n_M_ tmquneF

IlL _J I II II I I

/_ I ! II II I I .i IIII II I IIII I i
/ -4

I
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_.7.2.5 Center Frequency Stability - Short Tens

4.7.2.5.1 Narrov Band Phase Modulation Mode,

No Transponder Operation

During zero thrust phases the phase Jitter of the
ullodu_ated carrier (excluding antenna effect) shall be such as to cause
not sml-e than _.0" zero to peak (30) phase ¢rr=r in a noise free phase.
coherent receiver, ha¢ing a loop noise bandvidth of 3G cps. |

During retro burning and vernier engine thrusting
_, the phase Jitter, as defined above, shall be le.ss than 22.5" zero
to peek (30) in a noise free, phase coherent receiver, having a Loop noise
bandwidth of &2._ cpe.

During landing shocks, resulting fr_n landin( con-
ditions specified in 3.11.2, the phase error measured in a noise free, phase
coherent receiver, having a loop noise bandvidth of _25 cps shall be less
_ ._Ode_ zero to peak (3o).

_.7.2.5.Z _srrow Band Frequency MOdu!a_tionMode

Same as _.7.2.5.1 above plus - vhen operated in a
20 second on - 40 second off duty cycle, the frequency var_at'_on shall '
not exceed _ 460 cpe duriu_ an on-off cycle of the.= _T_.._atlon.

_.7.2.5.3 Wide Band Frequency Modulation Mode
.... : ,n

During non thrusti_ p_ses the frequency Jitter
_/1D_ frequency components in the bawd of 0 to 220 kc shL_l be less th_
1 kcpe sere and the frequency drift over any 1 second shaA1 be
le_ than ± k cps.

During engine thrusting phases, it shall be an
objective that 1;haas same requir_wents be met.

_.7.2.6 Modulation Characteristics /
_ , ,
g

_.7.2.6.1 _arrov Bend Fosse Mc4ulatio. M.,_a
i nl , u , - '_., I

O

This m¢_, is _ for the telemtry of the 8/C
e_taeert_ em4 scle_iftc data _emver carrier i_a4e Imdulatlon ie

I ,, ,

',', ......

_mrrt_ m F0_'T_0_X_ Kml_ _;10
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requ/red (d_-ing trs_sponder operation) or deeired. The required character-

" £etiee are al followm:

a) Linear dynaaic range: i 2.5 radian|

b) Modulation bandwid_hl 2_0 cpe tO 160 kc
at 1 db pointe

c) M,xlulat_an lineartty: i 105 Of bel_
itraight line characteriitl=a

k.7.2.6,2 Narrow Band Frequency Modulatto_ Mode
..... I J _ I I |1 I

_il mode il uled for the teleli_y of the nl mt
band (_ergenpy) TV. _e required characteriltiCl are u followl"

a) Maximum frequency deviati_: ± 5 k¢

b) Modulatlon ba_dwld_h: d-c to 1,2
within Z 1.0 Ab

c) Static frequemcy de_atien linee_i_yl i 10_
o$ beet ItrlA_ht line value _vlr a peak

• frequen_ ezeurmion of i 5 ke

d) Frequen_ Jitterx ilieN TOlttpj Nilllrid

on. a di_or_n_tor vith an _nhe_ent ma_pat _lt
( I 50 db, peak-to-pe.ii/lll ud • full liealeeltpet

of 5 V _te,.peei i_£ lie _1_0 av, _hen
deaoduiattail _he quleoeell eullel ia i l.i i_

- - bendvidth. _hte mmltttelmt _l tO be _ilf_m_
at a p..edetee_lm g ilk 4b.

k.7._.6.3 Wide Bud Freqmm4_ Modula_iea Mode
II l 1 IIII _ [ _ [ I I __

5h_l node tJ u_ed /_ telieta7 _ the nomal TV
• lid ill 8/0 __q ud ioim_t_e _ata _hH OM_Pig _W

Mdu_tie8 II 4eeL_e_. _he req_J.s_4 ehe_aote_t_tei ease tO _kl£Oml /

 leYi. u, i...i
l) _" _qienw dr_lttelll i 1,6| It

. , .ill sailleiellliiieill
.t_qm,_i_. _e.., eli.., ee. "
mqleem)
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m  lelleii mile
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c) Ststic frequency deviation lineariLy: ± 10_
or better of best straight line value over a

_. peak frequency excursion of ± l.u5 mc

d) Frequency jitter: The RMS voltage, measured on a
discriminator with an inherent output. SNR Z 50 db
peak-to-peak/RMS and a full sc,le output of 5 V
peak-to-peak shall be __ib my, when demodulating the
quiescen_ carrier in s 220 kc bandwidth, or < 2.) my

ir a 30 kc pos_tdetection bandwidth. This measurement
is to be performed at a p*edetection SNR >_lh db.

Scientific Input

a) Maximum frequency deviation: ± 1.65 mc

b) Modulation amplitude response: i00 cpi to 265 kc_
within ± 1 .db_ within -3 at i0 cps, with a

monotonic decrease beyond 265 k9 of at least 6 db
per octave (_ymptotic)

c) Static frequency deviation llneaxlty: ±10%

or better of best straight line value over a
peak frequency excur$ion of ± 1.65 me

d) Frequency Jitter: ±i kc, peak

" 4.7.3 Receiver

) There shall be two receivers on the S/_ for reliability
considerations. Each receiver shall be operating continuously with Its omni-
directional antenna.

(: _.7.3.1 Nominal Cente; F;equency

? When the S/C receiver automatic frequency control or
automatic phue control loops are open, the nominal center frequency of the

t receiver shall be snme specific frequency such that the actual operating
_ frequency in all modes of operation shall fall within the band of 2110 mc
= to 2120 ac.

_ _.7.3.2 Frequenc_ Stability- Lc_g Term

) _e long term arability shall be such that the receiver

_ open loop frequency (no APC or AFC due to no input signal to control o_) shall
_: not vary thr_ghout its operating range and over its operatimg temperature /
_ from the nc_tnal center frequency, as described above, by more _han *20 ppm. fWith bo_h receivers h_ving input signals, the open loop frequency of each of

the receivers in the S/C at any time shall not be different by more them 40 kc.

_.7._._ Frequency St_!llt _ --Short Term

,- _.7.3.3.1 OpenIg.:_ Me4e

_en the receiver is in an open loop frequency ccmtrol
mode(no _ or ATC):

_.7.3.3.2 Closed L_ m_e

%
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4.7.3.4 Fre,quencyTuning

_ In the modes of automatic frequency control, AFC and

APC, the receiver shall be capable of being tuned over a range of at least

150 kc andeTO kc, respectivelj,'.
0

4.7.3.5 Dynamic Range

The receiver shall operate for input signal strengths
that vary over at least 40 db exclusive of spacecra/t gain uncertainties.

2.7.3.6 TrPnsmitter Signal Rejection

The total isolation between the transmitter and the

receiver shall be such'that any transmitter signals entering the receiver s_ll

result in no signals falling in the receiver l-f passband having an amplitude
greater than 20 db below the receiver noise in a bandwidth of 100 cps.

4.7.4

There are three telecozmmmications antennas aboard the

spacecraft. Two are "omnl-directional" antennas for command reception and

transponder operation, while the third is a high gain antenna capable of
provlding an effective-radlated-power sufficient for real-time television
transmission. In case of antenna failur_, an antenna switching function is
included to allow use of alternate antennas for transmission."

4.7.4.1 O_.i-dlrectional Anter_s

The gains and mounting of the two antennas shall be such

• that +_he gain in any direction fr_ the sygcecrmft, considering both antennas,

will never be less than -i0 db for right hand circular polarization. The gain
for the c_slte _ttern of the two antennas for rlght-h_ and left-hand

circular polLrisation will never be less than -7 _b except for 2295 mc; at this

fre_encyp in the upper h_misphere, the gain will never be less th_ -6 db. The
rill be greater thm_ -20 db in any direction frmm any one antenna over at

leut 90_ of the total 4w etermdlams. This requirement will be considered as
e&tlofle4 it the mm_i-directional antennae have been tested e_d co_ed with
sta_ matennms not mounted on the s_cecrm_t.

/

4.7._.2 _ G_:l.n Ante_ ' /

The high gila em_em_g mMaAl _ovi4e • 4Arec_ive _eem
with • 3 gM beemwi_th ao leee _ 6.8' x 6.8 e. _ _ _ ghmll be
_.5 a.

IMrfl_cl,. I_II_M ]_Y_O_I_ 1q_J._5_8 _._lO

.......... ' ....... ' ............." .... ' l,w

_ GO.ANY _ J 8_
_ OJ_tC_ ' _ _ _ l_

.'•.i------ . ,.................. '" " • " _- ,,, i i _ __ . ......... :, :,. .',__.

.J .

;j

,,_ -_ • . .... ; ......... ,..[ III .I I_1 11 I. Illl I ...... I
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h.7.4.2.1 Planar Array Boreaight Plane

_ A plane on the plantu_array defined by bore|IKht toolinK
_" markers. This plane 18 approximately -0.8" from the planar array actlve face

in the lille direction as the rf beam depression described in _.7._.2.2 below.

_.7.4.2.2 R-f Beam Position

When viewing the planar array with ate boresight plane

in • vertical plane and the polar axis hin_ellne perpendicular to the vertical,

its beam 8hall be within ±0.5 degree of the bc_ee_Kht pla_e perpe_Icu_Ir in a
horlzontal plane, and depressed 6.5 ±0.5 degree from the horizontal plane. The

/ antenna axis shall be known within ±0.25 degree of the planar array boresight
axis •t 700F.

4.7.5 Transponder

The transponder mode ia employed during transit and lunar

operations to permit two way doppler shift measurements. In this mode, one of

the transmitters is driven by one of the recelvers throu_ the trans-
ponder interconnectio_ circuitry, and the signal transmitted back to earth is

coherent with the received signal •t a frequency ratio of 240/_i. There shall
be two transponder interconnectlon units on the S/C for reliability considerations.

4.7.5.1 Phase Lock Loop Char•cteriltlce. , , .

4.7.5.I.1 Tracking RanKe: ±70 kc at threshold +

(
The phase locked loop shall be able to track • threshold

lIKna_, have a rate of change of frequency up to 1 kc/lec2 lasting over a
duration of one minute (subject to the tr•ckinK ranKe limlt•tlon given in
h.?.5.1.1 above),

4.7.5.1.3 Acquisition

The loop shall be able to acquire under either of the
followins condttion_:

/

(a) When a threohold + Stlp_Ll is sweeping throuKh the /
bandpaas •t • rate of 1 kc/sec 2.

(b) ben a non-sweepinK thre|hold t aiKns.l is within 500 cpa
Of the open loop rest frequency of the recetyer. '

i iii i

+Op.lSj_t _hold is 4sflned as -3£_ _Jl For total aisnal pop_ (_rrier and
_e_ler) uben tie edea_lesllrrlet_mlee Inlet B 1_6, memm_ is
• plldlllelloi Oqldllllml loll ksld_dtk of 15 ks.

ii ...............

Will .... _

SerViCe 8_STm nmCT_OHALaF_r_Jen_s . _xo I

v

eli . . , llm_"

- i . II i: . ,_!_ I J I . I i I<11 ,. ,J , ill .!L,IJlIIIII , I i t I ,,,,,,.,. ......

..//
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_.7.5.1._ Loss of Lock

With threshold signal* levels, the S/C transponder shall
noc lose lock more than once per i0 minatee.

i

a.7.5.2 Trane_onder Phase Stabilit_.gharacteri|tics

While in transponderoperation, the phase stability of
the carrier shall have the followingcharacteristics:

During zero thrust phMes, the phase Jitter of the
u_modulatedcarrier (excl_dlngantenna effect) shall be such as to cause,not
more than 36.0* zero to peak (3_) phase error in a noise free phue coherent
receiver,having a loop noise bandvidth of 30 cps. |

D_uring_etro burning and vernier engine thru|_ing
phues, the phase Jitter, as defined above, shall be lean than _._" sere to
peak (3_) in • heine free, phase coherent receiver,having • loop noise band-
width of i_25 cpe.

During lan_In8 ohocke, renultlng from landing ccmdltlone
specified in 3.11.2, the _eee error measured In a nolee Free, phaee coherent
receiver, having • loop noise bandvidth of _2_ _pa ehall be lone than.3_._e8

(3-).

(

_.7.6 Si£nal 1_ee|la_

The elgnal proceeeLng Lyetem ehall be capable of cen-
verttn6 all e_inoerLn4 and eetontific data e_at_A| Late a fo_ euitable for
moduAatlonof the spacecraft trumltter in aeeonlance_h the data sedan

[ epeeitlod in section _.7.7. To ma_nteAn flexibility in _e _uts_ment ptWlo_,
as much preceaeAng an ponnlb_e 8hall be aseoelated_h LadLvtdul _netr_.
monte and o.br_tmm. Ms, or fzr.:t_mm of _e central e_dneA ia.oeeoeor asoee_. /
ated vi_ the epueeraft aret aa_,o8 to dq_5:sl eonven/eej eenmutatl_8 tiae /
and f%'eqa_ney division multiplexing, aapl_Aeatlen, Veidhti_a, end 8_nat_e_
of e_dnal8 For ;_hase and freq_ene_ aod_latiee o_ _e tnaeai_ere. _he eLjnal
pt_ease_n8 e_etm ehaAl be @em_te _ _he vide ud ne_w _saenAeiioe
budv_d_e e_ _ datl 1LIft eFetes.

' • I i i I ii II i " . ........

_; .- IIIVIII 1211_lld_llil_J_llllt I_lO

. I .....

I
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_- _, ,_llge_=ge , . , ........ ----.....

J

1969008399-097



_.7.6.1 I_ta Accu_,,_c_

{ _he overall 3_ accuracy of the various types of telemetered
data including the sensor, the S/C sisal procesli_j the S/C to ground ccm-
manicatic_ link when operating at threshold" signal levels, shall be as given
below. _ese requiTements are consistent with the following assumptions for
Ipectfication purposes:

a) Noiseless demodulation

b) Zero error readout devices

c) Efforts of bit errors removed by parity checking

d) Use of sensor calibration, if necessary

Required
' BLndwldth

• Accuracy (cpe)
4.7.6.1.1 High Accuracy, PCM Temperature Data: I°C for tempera- C.l

tures below IOO°C

_.7.6.1.2 BeJic Accuracy, I_, TemperatureD_,a:2"C (desired) 0.i
• _'C (required).

_.7.6.1.3 I_ Poyer Supply Current Data: 1 percent 0.5

_.7,6.1._ P_ Po_enticme.ter Readout D_ta:

a) ASPP Position SiKnall 0.9 degree 0.5

b) Other potenti_eter data 3_ O.5t

a) Gyro Error (Pitch and Yaw) 5_ Deaired
i05 Required 3.0

b) PrecessionC_mand _ Deslred
, i0_ Required O.5

c) _ ,Sun Sensor Error 5_ Desired
(Pitch and Yaw) i0_ Requ/red 0._

d) Canopu. Error _ Desired /;

1 Required O.5

e) Star Intensity 3_ Desired
RequAr.d 0.3

! f) SecoQdar7 Sun Sensor Cente_ 0.75 degree 0.5 i
Cell Signal Indicating Angle
of S/C - Sun Vector to kneor _.
Borealght Azi|

g) Aeeeleratlon Err_ I0_.Desired
Re.red

g_U _41" . .. .....

• 1

,_ o - ,

, ,, ,. _ ........... . ....

j _
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Required
Bandwidth

h) Retre Accelerometer 5_ Desired
IO_ Required 5.0

i) Roll Actuator iO_ De|ired 5.0
20_ Required O.h

J) Radar Altimeter Range
Range < iOOO ft R.S.S.(5 and .O55R) ft O._

Range > _OO0 ft R.S.S.(36 and .O55R) ft

_) RADVS, V and V R.S.S.(I.2 and .O25Vt) fps 0.5x

_j' _qDVS, Vz R.S.S.(I and .O2Vt) fps 1.O

m) l,_D_',_Amplitude 6 db

n) Verr/ier _k_gine 5_ Deeired
_ir,,_'Co_,_ands iO_ Required 5.0

f

O) Vernier _nglne 5_ Deeired
Strain Gage i(_ Required 5.0

h.7.b.l.6 Data Link Data

a) Static Fnase Error I_ 0.5
b) Receiver A_C i0_ Desired 0.5

c) Receiver AGC 2 _b 0.5

d_ .._,:,,iT_a_s:r,_ted Power 2 db 0,_
, h

_.7,6,1,7 Al_$t_de Marking _ar Da$a .

a) _ Me41netron Current _, Desired

_) _ ',_C, e_terAOC is efSee_tve a _b _eslred _.0 ./_
/

c) AM_ _.ate_a_e _li_al, la4tet_e _ 4b _eiiro4 _.0
return steal pe_r _efore • "
AOC _s ef_e_vo

TI_ I I_ II . I II I IN 1 IIII II II II I I II I

-- " -- n n : 1 . ' n , [" ' I 1[ f : .......... : ................ : ............ n 1 ] n P , '':::11'_ S: ' ' ......

l--
...... ......... -

i: __.fi_'._,.3_._.__..
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4.7.6.2 Bit Error Probability

The recovered PCM data at minimum margin threshold SNR of

ii db (RMS/RMS) shall have a b_t error probabllity of no greater than 3 x 10-3.

This gives a word error probability of approximately 1 in 30. During Coast
Phase II, a word error rate of no greater than I in 6 shall be allowed. This
reduction in word error rate implies that the threshold SNR is less than Ii db

during this phase.

!

_. 7.7 Bar_lwldth Reculre!ents

4.7.7.1 _

, Given in the table below are the Infonmstion bandwidths

or 4ata razes required under the various c_itlo_ of the transit phase to
telemeter the necenary engineering data.

........ ulp. ....
ill I i I"

X,rtr _e BitRate Info.
• ii ii i i :" "

c_,t zc_m.eZ-Pc_ _ o,mi J,o6,?oo 1.7-3/16-

Midcc_u_e 1 Channel - I:CM F.igh _ 230,000 _ -

Terminal 1 Channel - PC_ KiEh Omni _O6,700 ii00 -
(le|eent -

vernier ° (
Tezminal I.Che_m_l - PCM High AZTa_ !_06,700 220
descent - plU _iti-anslog
retro ehaaaelJ.

i.

_ I II I I I I II lili I I III I I Ill il _ I I I |1 .... _ .." ......

• _ S_S_N]_0TI_ALn_ _510
• ¢

. " li ii i l I Ill i lii i i i[ll],,i i I L ..I 1'I Ill ill ,i llJ -- . _ '_r :"

HUGH_SAIII__GMPANY -
SPACESYSTiJ_ONISlON m,_ ,,:r_,,, '
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.7 . ".. _ Lunar Phase

_ Given in the table below are the information bandwidths

or data rates required under the various phases of lunar operation to telemeter
the necessary :2ientlf[ and engineering data.

Equipment Mode Bandwidth

._S4TR Bit Rate Infor-

Phase Data Mode Power Antenna (bps) mati_n IF

Normal .'%: 31ngl, High Array 220 Kcp_ 3.3 me
channel

,FM

Emergency TV Single High Omnl 1.2 Kcps 10.5 kc
channel Low Array 1.2 Kcps i0.5 kc
FM

Low Data Rate- Single Low O_ni 17-3/16 NRZ

i._gineezlng channti - Low Array flOG N]_Z
P,../: ',," }[igL Omni 550 NRZ

High Array _400 NRZ

Singi_ Low Array ---
channel Hlgh Omni ---

FM High Array _00 NRZ

Low Data Rate- Multiple
Scientific Channel -

{. (SC-5, 6, 7) FM/W: Low Array
Engineering 550 NRZ: Co_mut ator

¢

Alpha
Scattering 2200 NRZ

Alpha Count
Proto_ Count 550 NRZ

.... I

_.7.8 Command Channel Requirements °

_.7.8.1 Bit Error lh-obabilit7 /

The spacecraft recovered command data at threshold shall

have a bit error probability of no greater than 2 x 10-5 . This gives a

ccmlnand reject probability of I reject/2000 con_nandsor approximately i reject
every 30 minutes during a TV survey.

!

'1 _IIL I I I III I I I II II Jill .I i I1! II -

II. I I I Ill ___ I II I I I II I I I i I IIII Ill

,_ ,, ,.

_ , ,f_o

,r

' t
.IIIIII I II III I IIIIIIII I

' " ---- -.......... [..... ,. __ ,
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.8 Mechanisms

_ For purposes of establishing the required mechanism
positioning rJulges it shall be assumed that the landing evelope will be no less
than 15 degrees from the llmb and the m_xlmum lunar slope of 15 degrees shall

be long relative to the spacecraft height.

4.8.1 Planar Array

Orientation of the planar array with respect to the S/C
coordination _ystem is determined by.three variable angles: (I) roll, (2)

elevation, and (3) polar (see Figure 4-2). Roll, elevation, and polar angles
may be changed by radio command.

4.8.1.1 Positioning Range by Radio Command

4.8.1.1.1 Roll Angle

Zero reference position for the roll angle shall be

that posi_xon where the elevation axis is parallel to the spacecraft x (pitch

axis) ona the active face of the planar array is facing along the minus x (pitch)
axis. The plansm array shall rotateilgO°.about the zero roll position.

Positive roll is as defi_,ed in Figure 4-4. There shall be provided the

capability to control the position of the planar array to within _ degree of
any commmnded position.

_.8.1.i.2 Elevation Angle

%

Zero reference position for the elevation angle shall
be that position in which the polar axis is perpendicular to the roll axis.
The planar array shall rotate about the elevation axis 190 ° from the zero

reference position. Positive elevation angle is as defined in Figure 4-4.

.8.i.i.3

Zero reference position for the polar angle shall be
that position in which the planar arrmy's boreaight plane is perpendicular to

the xy plane. The planar array b_all rotate from +96 degrees to +6 degrees from
the zero reference point. (See 4.7._.2.1 for definition of planar array bore- /
sight plane.) Positive polar angle is as defined in Figure 4-4. /

I

/
_ III Illli I I I I I I I II I I I illl I I I I

I

D wfs
- jl I I |ii I ., i .... _ ......
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4.8.1.2 Axes Alignment
All adjoining axes sLall be perpendicular to each other

within *-0.50degree(2).

4.8.1.3 Positionin_ Accuracy

4,8.1.3.1 Posltionina Mechanism

The positioning mechauniama in roll aundelevatlor axes

shall be capable of moving ,in nominal steps of no less th_n i/8 degree and no
more th_ I/h degree. The positioning mechanism in polar uia shall be

capable of moving in nominal steps of no leas than 1/16 degree and no more

than i/_ degree. There shall be provided the capability to control the
position of the planar arts4 to within i/h desree of any ccmm_ed position.

From the start of the pre-retro maneuver" through

vernier descent, when not commemded to rotate, the planar array shall not
rotate by more than 1 degree about the spacecraft Y axis (ASPP polar axis) nor

more than O.h degree about the spacecraft Z axi4 (ASPP roll axis) &a a result
of gear and drive backlash and all other causes.

4.8.1.3.2 Position Instrumentation

Instrumentation shall be capable of indicating the

angular rotation about each axis with respect to the zero referonce point
(4.8.1,I) within 1,5 degree(a). |

(- _.8.1.3.3 AdJuataent mmee. Landinl

The planar arra_ shall be poaitionedj in incrementB
of 0.25 degree or less, such that the polar axio lamding a_le il within %he
range of zero to +70.5 degrees relative to the zero position (see 4.8.1.1.1). This

/

..... " ' ' ' ...................... W ........

R_ m _m_ mWxmsm_ _5_

U......
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is equivalent to a range of "plan_r array antenna axis 'to' S/C z axis"

angle_ between i n degrees and 26 degrees. The shift in __ombined center
of gravit_ produced by positioning the planar array within this range
shall be as defined in paragraph h.1.3.3.1.5.

4.8.1.3.4 Roll Axis Alignment

The planar array actuating mechanism roll axis
shall be parallel to the S/C z (roll) axis within 1.0 (i) degree. The

mechanism _levation axis shall be parallel to the S/C x (pitch) axis
within 1.O(l) degree when the roll axis is in the transit lock position.

Additional allowances for the effect of shock are defined in paragraphs
2.8.1.3.5 and 4_8.2.3.5. When the roll and elevation axes are locked

in transit position, the planar array boresight plane (see 4.7.4,2_1)
sh_ll be perpendicular to the $/C x (pitch) axis within 1 degree(l) .

4.8.1.3,5 Landing Load Deflections
m, ,,,,,

.- Follo_ring all S/C lunar landings resulting in

not more than LOg lateral loads at the antenna, the planar array antenna
axis shall be within i_.h degree(2) of its position prior to the landing.

This deflection shall be made up of no more than 0.2 degree(2) spaceframe

deformation and no more than 0.2 degree(2) mast and mechanism deformations.

(i
.8.l.h Posltionln_ Rate

It shall be possible to drive the planar array about

£ts roll e,w£sat any time during trans£t exce_ vhen this _is is locked at
rate of 15' per minute. It shall be l_eslble to &r£ve the planar arr_"

about its"polar axis at any time during transit a_ a rate of 7.5" per
mAnute. The planar array shall not be rotated ab_u'_its elevatlon e_Is
durin_ transit.

At launch, the roll an61e m_V be up _o 60 degrees away /
f_ the zer_ reference position as defined in _.8.1.i. f

D_rlaltraalltfx_ al_er_aA_ pee$_leaSa__,t£_
_re-re_romapaver, all 3 ues shallbe in _hei_ _erepeoi_$oa_(u def£ned
_._._._._).

St_V_O_ _ lq_C_AL 1_ _,_:1.0 "

a I IHU_MISAIIIGudq'_y ......

,SlPACESYSTEMSDIVBION ,,,_1_ _.TT,_,

'f _'.JLJJ

.,,,,....
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4.8.1.7 Lunar Phase Positioning

For SC-2 through S_ l,_-_ it shall be possiblo to position

any of the _nte_na/solar panel positioner drive motors with a duty factor of

with the maximum allowable active period of the cycle of at
at least 25 percent
least the time determined as a function of temperature from the curves of Fig-

ure 4-4-1. For SC-5 through SC-7_ it shall be possible to position any of the

antenna/solar panel positioner drive motors with a duty factor of at least 40

percent and with the capability of the active portion of the cycle to be at
least 15 minutes.

The A/SPP shall be capable of at least 97 percent response to com-
mands over the entire range of movement. This requirement applies to all condi-

tions of S/C power and over the entire range of operating environments.

4.8.1.8 Operating Life

The minimum operating life after launch of each ok the

3 drive axes shall be:

Required Steps
in each Direction Total

Roll Axis - 16_0OO _o 000

Polar Axls - 1010OO 20p0OO "

Elevation Axls - lO_000 20t000

.

1969008899-106



..... - " " " f iiii II i I -- I I I | IP IIII I .......
_ -

8UR,V_OR SYST_ _"JNCTIOt_AL_E_UI_ 2_4510

HUGHESANCmAFTCO_AP_Y
SlMA_SYSTIL_SDIVISION . _ l_ _7_

i _ Vka,_i 4 _ .... _- _ i ...... - .... _ .... , ........ .......

I I I I II I _1_ _ -- I III im I Jill n I ')I -- _

./

1969008399-107



I

4.8., S, ,Jar. Panel

.Orie,_ation of the solar panel with respect to the

plans2" arra: it- dpte:'mJ_ed b. a variable aagle about the solar panel axis.

This ._:,F]_car, be ch,'L_td,,db: radio command or by autonm.tlc-deployment-loglc

clrcui_r> aboard the spacecraft. Although positioning accuracy of the solar

pe_el Js not crlt!ca:, posJtlonlng of the secondary sun sensor mounted on

the solar panel is cr[ti,_a]. For this reason, the solar panel plane shall

be defined as the second_1", sun sensor mounting surface.

,._, .I P_,,._it_ohin_Range

The solar pane] shall be capable of being posi#,ioned as

a Function of polar %n_]e to the solar pan_l c;/cles shown in Figure 4-5. The

i solau' panel angle is defined as the angle measured from the planar ar--'_'i

bores_,,'n" plane tc the sol__r panel plains defined in I_.8.2. Posltlve solar

panel "u-::'Ipi,¢ar d_t'Ined !n Fi_ro h-i.

'_.,_.. Posit i,mi;Ig Axls

A p]._ne perpendicular %o the polar _Is shall be

perpendiu,Jlar t,J t,_Le_olar paJiel axis within 0.5 degree (2).

I+.8.P.3 Posltionin E Accurac>

4.8. _'.3.1 Positioning Mechanism

The solar panel axis 1_sltlonlr_ mechanism s_ll be

( Cal_bJ¢ '.f moving In nominal steps of no less _ 1/8 4e61"ee Or, no more

than_,le_ree. Ther% shall be provided a capability to control the poslti_
of the solar panel to Within 3/I, degree of ezky ¢ommsmded poiltion.

.- h.8.2.3.d Position. Instrtu_n%_t Ion

instrumentation shall be ci_ble of indicating the
"*-). Ian¢l_ of rotation about the solar ;_nel axis within 2.0 degrees _,__

_.8.._.3.3 Sol_f_ Pa:Ael Plane /

/The solarpanelple_e a_allbe _&_&llelto the s@lar
l_Ael IXl_ w_thin i O. 50 degree (-).

_.8.2.3._ _,l&r P_el Active S_'fsae

_ tols_ _nel 91saewithin_.0 _q,_em(1).

lP,_il_.... ,.,_._. . . II I lU I.I in I _ Ililill II I I _ I I II I " I I
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a

i 2 4.8.2.3.5 Landing Load Deflections

Foih_win6 all S/C lunar landi_s resul_i_ in not more

thsm 25g lateral loads at th_r_olar ps_el, the solar panel plane shall be

l_rs/.lel within i_3.50 degree <cj of its posi_gn prior to the landing. This
deform_t$on shall be made up of -+0.2 degree ,_j spaceframe deformation and 0.3

de_ree(2) mast and mechanism deformation w_th respect to the roll axis.

4.8.2.4 Posit_onln_ Rate and Life

' 4.8.2.4.1 Transit Positioning Hate - During the transit phase_ it

shall be possible to driw _ the solar [_nel about the solar axis at a rate of

15 degrees per minute with a i00 1_rcent response to commands.

4.8.2.4.2 Lunar Positionir_" Hate - See Paragraph 4.8.1.7.

4.8.2.4.3 _Jperating Li#e - The minimum operati_ life, after launch,

of the solar panel axis Irive shall be 16,000 steps in each direction or a total

of 32,000 steps.

I.C ."4.8.2.5 Transit c _sltion

Duri_4_ transit from after initial positionin_ until pre-

retro ms/leuver, the nominal solar panel 8/16>1e (as defined by paragraph 4.8.2.1)

shall be 270 ± 1.0 de_rees.
0

4.8.2.6 _lar Panel Mounts

In providing for the solar panel mount, the total mecha-

nism (exclBd%ng the mast mo_mting and the spaceframe) shall contribute less than

1.O degree (1) to the secondary sun sensor alignment error during transit (sec

_.i.3.15).

4.8.2.7 Secondary Shln Sensor Mounts

In providing for mounting of the.secondary sun sensor, •

the solar panel shall contribute less than 0.5 degree (1) to the secondary sum.
sensor alignment error (see 4.1.3.15).

4.8. B Gimbal Locks /

The ability to drive any one of the four axes shall be

independent of the locking mechanisms on the other axes.

o. ."

• ". _.
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4.V hle::tr'_c:_=Power S/stem

4o_.i : ........._.:_ l,wer Conversion

4.;,.1.I Tr;msit Phase

_'<.rCC, o throu,_h SC-_, durin_ the transit coast phases,/ ,-<.

when the s,_lar _nei is oriented perpendicular to the spacecraft-su/l llne I the

mean sclar panel :_u%put -hnj] b_: at least 8Q watts (the predicted solar cell

teml_erature at such ti:r,_:i,_ ±J_f_'F +i,3°F). Assumin_ a mean solar illuralnation
intensity ot 140 milliw.tt%:_ 'ca and a solar pane_ [_wer output varying linearly

with il]uminatlon int_:n_,_.,, the following equation shall describe the possible

variations in the transit T<,wer w_lue band: Power, transit = 1 -+oQ55
_{':,_+ ) { (watts, where ' ._;3')represents the seasonal variation in solar

intensity• For SC-5 a,ld uI, the rede_;igned solar panel shall supply 81 watts at

temperature _transit) of 143oF. For lunar operation the reaesigned solar panel

shall haw_= or, _,len clrcu_t v_Jitagc o'" 2_,_ volts (minimum) and a volts_e.of 22 volts

,minimum) ,ut the maxlm,JJr.},(_we2transl_:r point at a temperature of 250°F.

b (3 ._..... 1 L_:.ar Phase

During t:_e frost lurer day operation, under conditions

of an eqaatorlal l_ndlng and solar panel orientation perpendicular to the

spacecraft-sun line, t:.e folihwin_ schedule of the mean power output shall

be available at the o_tpu[ of the solar panel:

Solar an_le from Mean soi-ar _nei Maximum solar panel

the zenith output temperature

(degrees) (watts) "F*
/

[ 0 (noon) • 63.1 236 _+ i0

_+45 " 67.4 _ik _+ lO

+60 68.6 208 _+ lO

•85 78.9 156 + I0

, +.90 (Start of sunset) 80.1 148 + lO

• /
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._. 4.').J E_u.erg__S..t-..).rageCapability

4.9._._ Auxiliary Bat.t.eryCapability

4._.2.1.i Capacit:/

An auxiliary battery shall be provided with a minimum

recoverable capacity of 900 watt-hours under the load conditions existing at

L the terminal phase of transit (maximum of ,70 amperes) assuming a stand time

, of 15 dab'sand a temperature of 80°F. A capacity of at least 750 watt hoursis required assuming a stand time of 22 days under the above conditions.

I Maximum time from activation to touchdown shall be 22 days.

I 4.9.2.1.'01The Au_Tiiiary Battery Capability shall be deletSd Ii from SC-5j6 and 7.
i
I 4.9.2.1.2 Battery Voltage '

Under the above conditions the auxiliary battery shall

have a capability to supply a minimum of 14.3 volZs at the battery terminals.

4.9.k._ Main Battery

4.9.2.2.1 Capacity

i The battery shall provide energy in accordance with thefollowing table, assuming a float charge to 26.9 volts and 250 milliamps at 70°F
or greater:

Minimum

Recoverable Energy

watt-hours Temperature Constsnt Losd

Nominal .Tolerance(2 "F lUg,ereI

i. Initial ctmxge 3450 14_OO 70°F 2
(charge at launch) 3500 +200 70°F i /
or second charge 3120 *_00 50_F i
(full recharge 2630 ,-200 30°F 1
during lunar day) 2300 +200 lO°F 1
available for lunar

nAght
i i il i t

/
/
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a4.9 .... J.- Load

The batt_ry shall provide a minimum of 17.5 volts at
the terminals under the peak load at 70 amperes with a temperature ranging

Between 70° and 125°F.

I 4.9.2.2.5 Lu;)a.rDa_ Temperatures

I The :,arteryshall be capable of withstanding compart-

ment thermal tray temperatures fro_.OIF to +ILB"F, without permanent degradation

of performance.

i
!

4._.3 Power Control ?yztem

4._.3.1 Optimtun _l_argeRegulator

In crder to provide operational flexibility to adjust

the level oi";ower dissipated in comy_rtment A_ or the power generated for

supplying the unregallated bus, the power system shall be capable of 3 modes
of ground ccntrol. In addition, a capability shall be provided to charge
the battery when the battery terminal voltage is zero volts (not shorted),

independent of command capability, capability extend over the
This shall

open-circult solar panel voltage range of from 32 volts to 60 volts.

a) Optimum charge regulator ou - for optlmum transfer

of electrical power from the solar panel to the battery. The OCR in the normal

mode shall_ in the transit phase of the mi_sion_ supply sufficient energy for
soft landing and for the completion of the post-landlng operations specified in
paragraph 3•13.5 •1.

b) Optimum charge regulator by pass mode - for

" transfer of electrical power from the solar panel to the battery at a lower
dissipation of power in compartment A.

I

c) Optimum charge regulator off - for the removal of (
the solar panel from the system and for the elimination of heat disslpatlqn

in the compartment by the elements of the battery chargir_ circuitry.

d) For SC-5 and up, the OCR will be replaced by a
capability of directly connecting the redesigned solar panel %o the preregu-
lated or unregulated bus.

_4 ...... li, i ,, , ,i ii L II i i II i ii, i

-I _ [_Ill II __ __ . ii i ill | I _ III II I I • I I I I I I I _ II
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<

Regulated power shall be provided consistent with the

requirements of the :a_i¢ b.,sand engineering or scientific payload. In
order to provide t_,e _perationai fZexlbillty to control the level of power

dissipated in compartment B, the capability shall be provided, for use during

the lunar phase, to turn off the regulator such that only the co_and receivers
and decoder melector operates from the unregulated bus.

4.9.3.3 _attery Sw_t_InK L_ic

Tac atilization of the auxiliary battery shall be

primarily as a redundar_ battery in tne event of main battery failure and
secondarily as an energy source to maximize the main battery state of charge

at touchdown. Swltcning logic snail therefore be provided to apply either
the main batteri, alone or czth batteriea simultaneously to _he unregulmted
bus. Simultaneous ope.a_o,..... _'ona_be with the .mainbattery either direct

_r through a diode and _w....tze auxiliary directly connected.

/

_.9.3.4 Power _tem Instrumentation

A capability shall be provided to meaettre the regulated
and u_regulated loads (pulsed loads excepted) to a me.x£mum _ncerta_nty of
2_ (4). A three level calibration of the c_rrent shun% volta41es shall be

provided,for use durin_ _p_rations which will reduce the above uncertainty
t_ I% [_] requlred,(0.5%t _) desired_ neglectlng lomd fl_ct61AtiOlt80_CUI"_119_
durln_ the interval between the calibration and load sampli_4_.

C_
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( 4.i0 _emzl Cantrol

Spat?craft temperature control shall be provided to

maintain temperatures _,'._nststantwith the equipment operating requirements
during the transit and lunar phases of the mission.

2.10.1 Spacecraft Attitude

4.10.1.1 Transit Phase

Normally the spacecraft will be oriented such that its
"2 axis is polntin_ toward the Sun. However, the thermal control shall be

such as to permit the fc!lowlng non-normal conditions to exist without result-
ing in any permanent damage t_ the spacecraft or in any violation of the

operating temperature rnqu_rements _£ the subsystems necessa_# to accomplish
a success£ul landing.

"4.10.1.1.1 Initial sun acquisition must take place not later than

one hour after launch. The spacecraft may therefore be in the earth's shadow

for up to 42 minutes after launch or at 1_Lndom attitudes to the sun for up to
one hour after launch."

"4.10.1.1.2 The spacecraft may be in the earth's or moon's shadow

or at a random attitude to the sum durin_ transit for a period of one half hour
provided that it has not been in shadow or at random attitude to the sun for the

preceding five houa-s."

(-
o

. /

I I
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4.1C.1. : L,_n_" PLase

For purposes o:f thermal xmtrol, the spacecraft roll
orientation relal ive to tb_,_ Su_. shall be assumed to be rs,ndom. In addition,

the a_k{le betw.,en the spa ',',n'af*,-Z axis ap,d the vertical shall be assumed
to be nominally "_ de_'reos with a maxim_un o!' ]h degrees.

4.1¢ .... i,'zma]._ _ont: 31_,:,_.,o.n_al,,m_nts

Two thermally controlled compartments provide the

necessary, temperstu_'c ,:or-trol for the op,.1_'a,.zor,'"or_electronics during the
tl'a/qsi+ 8/qd lu::a/""_issioll _" _paa ...... The to_merature control capability utilized

includes %he '-_.8,n_'_,_'._as well as steadY-sLate response of the compartment

..........ai_y b:,"the e!ectro_ic units Thethermal trays %o t,m_ :.c_t g,.ue;'ate _ _ 'e ..... _,

above p_rformar.o,• paramef<rs are LnrluerceJ by two additional parameters.

These are: I) Thermal _..ea._,'a_ac_"._ '_' -_d ,4) Electrical power dissipated

internally as heat. I_ "z the purpose of this section and subsequent sub-

sections to spec'",_j the [_slc com_Dartment thermal control capability only to

the thermal inter,'ace w!:ich exists betweer the thermal tra_vs and the elec-

tronic units mounted _._ _,,..,trays. The thermal design requirements on the

individual elcctrrnic units _u:d the operationally controlled electrical power

dissipation requirements are defined in " qequent sections.

i_.iO.2.] Instrtm_entation
i

." One flight sensor shall be mounted on each compartment

upper and lower thermal tray for the purpose of providing a valid indication

[ of the thezmuul status of each thermal tray which acts as a heat sink for theattached electronics units.

4.10.2.2 Thermal Capacity

_.I0.2.2.i For purposes of compartment thermal design, tl_e thermal

heat capacity of compartment A shall be. ass,_ed to be .... i

5.!0.2.2.2 For purposes of compartment thermal design, the thegmal i

heat capacity of compartment B shall be assumed to be._ .

4.10.2.3 Compartment A and B Thermal Parameters

4.10.2.3.1 Transit _,ase

4.10.2.3.1.1 Steady-State Perfo_nance

The maxi_ _m steady-state temperatures .of the compart- ..

merit A and B thermal trays as indicated by their respective sensors, under

normal coas_ phase environmental conditions, as a Junction of internal el.-.ctri-

cal power dissipated as heat shall be as Oescrlbed in Fig_re h-6. The

temperature gradients relative to the sensors shall be no greater than indicated

• in Figure 4-6.
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t _.i0.. , _.]._' Tr&n_i_nt Performance

The maximum rate of change of the compa_tment A and

B thermal tra>_ as Indicated _, their respective sensors, under no_mal coast

phase envirer_ental 2".mdit[ors, as a function of [nternal electrical power

dlssi_ted as r.eat shall b,, a: _escrlbed in Figure 4-7. The temperature

gradients reiativ* , tc tnr se:s ,r,,;snail be nc greater than indicated in

Figure h-].

:+.it.". ;. I,_,r, ar t'hase_. I_mar De:,

_, .1O .... ,+.... _ f,_ead:.'-State Performance

_le maxi_lm steady-state temperatures of the compart-

ment A and B thermal tra:/_ as Indicated b._ % _Ir respective sensors as a func-

I tlon of internal electri:a3 p,.,w+.r dlsz_pated _ neat shall be as d_scribed in

Figure 4-&. The te_perat,_:'..,:ra,ilent._relative to the sensors s_/l be no

_Teater than ir,d[cated :.r, Fi_'_r, I+__..

h.lO._. 3. • _ra:,.+_r,_ Performance

The max i_,m rate of chang_ of the com_rgment A and

B th_,rmal trags as [nd(cate_ b their respective sensols as a fu_etlon of

[eternal electrical power dtss'_pated as heat shall be as described in Figure

g-9 The temperature gradients relative to the sensors shall be no greater

than _ndleated in Figur, *-9.

( "
.I0._ .3.3 [.a,2,arNl_ht Compartment Heat Losses

4.!._.2. {._,.i The thermal/," controlled compe_'tments A and B shall

be thermostatically controlled. At compartment temperatures of 30°F and IO'F,

respectively, the lunar night heat losses sh'_ll be equal to or less than the
following:

•i0.3 C.o_partmentKlectr9nIcs

, Thermal design requirements are plaaed on _he ecmp4rt-
ment electronics units in order _o provide the neeeslar_ opemtion_l _bll_"

' consistent w_th_n the established thermal _nterf_e at the therm_ _r_. _ae

i ptU_ose of this section is to speelf_" the thermal desl4n requlmements whlah
relate to the eleetronie_ units on/4.

4

I I I I IIIII
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4.iO.3.1 instrm<:ntat _on
.

h f]_igh% sensor shall be mounted in a critical area

on each major re:at <!issipating unit for the pur!,ose of providing a valid
indication o:" the thermal status oi' each such unit.

0

4.!C.b.2 The_.mal Parsmeters

A_':/ el_:ctronics unit internal to compartment A mad B

shall be capable of continuous operation when the thermal tray at the unit

mounting is mairtained equal to or less thmu +1258F.

4.10.3.3 Non-Operating Requirements

Th-_ eiec_ronics internal to the compartments A and B,

with the ex<_p___n_,,_ -r_,._he main battery, shall _e capable of withstanding
without .......... 1-....... a_,e:_ _:e_radation a thermal tray temperature of from -65°F to "

- O

+i:,O F.

_0._ ComDar___men_ A m_d B Internal Electrical Power Dissipation .

The <]ec_rical powe_ dissipated as heat in compartment

A and B by the :__e_na_lo mounted electronics units shall be operationally

controlled such that the heat dissipated is ccnsistant with the compa/hment

4.10.= and _.I0.3. The averse electricalparameters snecifJed in sections ' " "
power dissipated as heat shall be limited in accordance with the following
table.

(
Mode Time Interval Maximum Average Electrical Power

Dissipated at He_t, Watts

Compartmtnt A Compartment B

IPI_.E , . , i , .... . _ i,,,, ....
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J  jt;ODUCIB/L[TY OF THE ORIGINAL PAGE IS POOR."

PRECEDINGPAGEaBLANKNOT FILMED.

(_..} ",.. 2;; ;i:;::E--' ;:,' ; 2.': .,. <.
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'" " :' .-'u"'--' •.... ,-'inccr2r<g m_:'ion as

.... . ' " " _ ".;_t_,Lntt' _ :'" -;'" "- '-' " : ' =-';L'_Fr_" _UC._. :-']'._ ¢'F'.Lf_." ;]r]..] ' _" iHnaF
• " .... .-]_ _.'f'_:_._.," ::,'.:S:_ ..... _t•]'.;( - _" _:'"iani_¢,:', :,.,, ' , .n ,.._" :_ , .... • .... performance

,f" "i,,.: $,," [:: 4,._p. :- e:; "'. _ .r',,"--::vL,--f_;.:r..,:t_. '_;,_ ;J_,']-'ac for engineering

-.:.-_-{.__..*:: :. t_._:;<4. " -" '., '.,:"" _ :_t",'. ;._4...._., .,_ g_! L ,'_..,._'_._-,' _ .,he _t]l'VO.Y ,'.c!evl_ion

c;mr.•:rn, _ne 2_.i" i. ,_,v - ,:-J t:'.-c: ::.' :: : -n', :. b*"-C' ::.: ;:" "_n,._ : .:!:p:tementary engineering
: Pll.- >£ :" •

/

F.,) • jc_,. , ._ a;;l , , L}!,' "_t_]:i_'9".," .}'a%ic,','_, ntl-I. ,'__r,l,rol shall be

%:. .-_.;'v, ,. "-.<[.'.;-h ...::'.,':. ;: -m,::]..'u.,'_'" ._<r_.- ".. :u: ::]_,;egra.ted
_"-'T,.-;r ,.-_,:..'-2 _ -'..;- " ._ .":..-_" - '_,- .'..,,',_'-.' _-, ",'," "t'q.'t l'£P_q'2_ :.r,". ___]ovis]o:q.j .................

",u. : :t,..,, :!):_ " ...._ " "- : - _;':'." ' _' •-'--{ - _ ,:.,. _¢c.;.z-nf; trmnscdi.ter _ th< space-

".:..:,:'f -:rLc:,.na. , ": ." , ,. - "' '," "r: ".I. : " }',, DSI:, r.,c,:'v<.,'. Excel.,. :.,!;ere
a_,_ .... ,:._ ly , .: ,, _ ".::-. : .... :-, ," _:t" "Y', ",• :,¢-,,'¢._.n ,ne;'%:_in t-; the ab'ave system.

Fz'!::;az'y demb,.zu,.a'-: ;:- an! on;'-;;'. ; ":" t.'n. [3 :_.:,.)mFii,_-:P.ed by tee JP.,, _¢" Ground
} -at._ h:-:" '.fin.', £""_'

: T)°: Lvz::'e,,: _'__-. ,_ ;[.s,:rvafion _i" [:)rtion_ -,{" t}:e spacecraft and it_

.-.pera:.fon, _-n.: i: -::-ah_._. .% ":h :;<,':I,:_ -.',__[" n" polaz'izJng filter2. _n the event

( g.t' f.qiiQr_a uf <:.e hi:zn.._ai:, 9r:"er.rt o.'." high _,L)wer transmitter, the system will pro-
vide _n en_r_'qnc'," mode "_._. r_d",ee., scan rate aud lower _-,icture quality compatible
wit]: .}]e_ .... :rico.< ;._LI:uniter these _ " .ran.:, ,, " ban:':- . _..:d 1 bio_g

t n t_:.. _-v.': r F _.... =gr,, ianc'n:" tire system will have the capability
:,fprig _ling _{mb_fln:t. ",i:.,,• ._.-:p.,sur:_-_,: cL':.ain a few pictures of somewhat lower

: qua!it 5, frJn. ¢_£'bhlf "hr.

...< ._ E:<: et:t '.,.,._'. ff n.,?.Lr_na%&9t1

, The %_levisic.n ",'cste'n shall be designed as f_r as possible to /

' meeL the foilowiny _ aim _',,"lhe minimm_ design mission for daylight ianding_. /

: :_) Subje,'t i.-, the thc:-.':.:_i constra_nt, s c.f 4.10 and 5.2.2.20_

} one (:oml;l(_i.{. wide mb:le survey and one complete in-focus,
nalrow an_'ze ,.napping sequence with camera 3 during the first
_,"_"_,i:L_-.,onev_sibility period (_.e., the _Deriod from vehicle

touqhlo'_m to the passing of vehicle control t,) Canberra for
-'the first _me): will be m_.de.

b) At leas[ .tP_"ee further complete mapping sequences &re to
' be performed at approximate sun declination intervals of

.. 30 degrees each: before local tenninator.-
#_ All of Seet4on 50 h_ b_n rev_.q_d r_n_ ;_ev_,qn D. | ........ . - __
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i

c) Az least Two complete -urveys wii,h the three color
filters wil] be n_de.

d) Pictures will be made as required of portions of the

s_cecraft and itc araociated mechanisms to verify

proper "_perat_t,n, monitor aubsystem mechanical failures

for _iiagnostic purposes, ootai.< relevant information

rek•ardin_ pr,opertie_ of dust p_rsibly adhering to the

spacecraft, and to determine the attitude of the camera

in S/C coorJinates after landing.

e) Pi:tures of stars anu planets will made _o provide

accurate information regarding spacecraft attitude.

Aithouyh only two such fixes are actu_ily required to

fix attitude% a greater number is desirable for camera

_<......_......._, _nd magniflcstion calibration.

._._ System Performance

5,o 2. __. _ Azimuth Coverage

TLe c_nera .J_.allbe capable of _60 degrees azimuth viewing.

• _._._ Elevation Coverage

The camera :'na!l be capable of viewing from no less than 20

degrees above to no less t_;an 45 2e@rees below the spacecraft XY plane.

5.2.2.3 Unobstructed Coverage

Cmnera mounting shall be such _s to maximize unobst;_uc_ed

(by the spacecraft; azimuth and elevation coverage consistent with other
constraints.

5.2.2.4 Field of View

Two modes ("narrow anjle" and "wide "'angle ] shall be pro-

vided. For infinite object distance the nominal field of view shall be 6.4 x 6.4 I /
degrees in narrow angle and 25.2 x 25.2 degrees in wide angle. Spacecraft 5, 6, I _/

and 7 may have up to 15 percent loss of raster angular coverage due to overscanning. !

5.2.2.5 Normal Mode System Horizontal Relative Response

 Resolution)

After appropriate filtering of the demcdulated video signal,

the square wave relative response VH(N ) shall be equal to or exceed that shown in

F_gure 5-2 under iaboratory ambient conditions at a single measured value of signal-to-
noise ratio as defined in 5.2.2;9. Up to h dh degradation at the extremes of the

operating temperature range is acceptable.

• _ i ilml i _ i i i iii i i i I i I
tm_ tlum_R
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."REPRODUCIBIL!,TY OF!THE

F:,:"test i+urpose_ the relative response shall be taken as

r!!_,_,_)-= V,_.
V ,

where VN and Vc are ,lef'it_.c=a_ ancwn -n Figure _-I(B) which is the vldec
vcL_age during a single k.t'r!;:+ntalsweep acrcss a nominal, high contrast test

target sketched in Fi%ure 5-1(A). VN is the average peak to peak video voltage
at the line frequency N. N !_ the _o%al number of black and white lines

required to fill the frame, lqu[valent tes_ targets may be used so long as

the line frequency used tc c,e_ermlne Vc _s N = 5 or less and at least !O black
and i0 wh_,te lines, a[ the line freque_c,v N, are averaged.

Res,.[.,t" n .*e:t:'-,__hai-be performed at highlight

cx_sures :_+t exceedi.,_: t,h, "effectt'-e saturaticn exposure." This shall

he def!r.ed a'."_hat ex_:-ure '.eve[ above which the system gamma becomes less

t,'.an _:.?, where gamma ",:_ the- _._,e of lug _u_put sigmal _lotted against io."

e .,{ .ure.

Acce_,LaL,_:_ evidence that the response of Figure 5-2 has

been ash"eyed i_ that the measured response equals or exceeds the regponse

specified at _50 lines and at any two of the other three line frequencies.
at the corresFattdin _ me-,sure¢! _'i;:nal-te-noise ratio.
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'-.2.2.6 _].,._r£er,<;Mode System l{ori_'ontalRelative Response (Resolution)

As deflr:ed Jr _.2.2.5, the center of frame emergency mode
relatice response, for spacec:'aft ! thru 3 shall be 0.4 or higher at N = 200 lines

(O.:,_5milliradian per TV !'he in e narrow angle and 2.2 milliradian per TV line in

wide angle) concurrent wit.}._ sJgr.,al-t)-noiseratio as specified _n 5.2.2.10 the
center ,offra,,_eemergency mode relative response for spacecraft 4 thru 7, shall be

O.37 or !.k,,<}:erst N : 23"'_l[,uescomT_ensurate with the above specified SNR.

<.2.2.7 Nor:::a\Mo_]_'System Vertical Relative Response (Resolution)

%_nesTJare wave relative response, rv(N ) shall equal or exeed
ths_ shown in Fi£_;r_,'j-2. For _est r,ur_)c_esthe relative response will be taken as

rv(_:)- v__7-
0

where VN end V ere defined ,_,..s:;<,wn_.nFigure 5-2(B). which is the video voltage
• iO

&_ring a s_ng_e horizontal sweep across a nominal !igh contrast test target as

sketched in Figure <-3(A). VN is the average peak-to-peak video voltage at the

i':nefreiuency N. Test tar<eta stal'lbe desi_ed so that the line frequency used
to determine V is N = b or less and at, least 4 black and h white lines, at the

line frequency N, _re avera{_ed. T!,etilt _ngle shall he minimum and shall be such
that _he results_hi video frequency does not exceed 12 kc. The video shall be
filtered to s 3 Jb bandwi_]th of 20 kc with less than O. 5 db loss at 12 kc for test

purposes.

AccepLsble evidence that the response of Figure 5-2 has been
achieved is that the measured response equals or exceeds the response specified at

433 lines and st any tow of the other three line frequencies shown in Table 2.

Vertical relative response test values for corner relative response shall be
averaged as in 5.2.2.5. To insu_'e that the vertical resolution is not unduly

degraded by the r_ster, at least _[_Oactive lines shall be present throughout the
r_nge of operating environment.

e

TABLE 2

SCl-4 SC5-7

: N r N r

:.-- ( 200 .6 200 .6

Center I 300 •35 300 •35i 450 :15 450 •15600 .06 550 •09
Average Corner 450 .08 450 .O8

_ Minlm_ Corner 450 .04 450 .O4
, j , , j , ,,

_- .°

-_ ", _URVEYOR SYSTEM FUNCTIONAL REQU_T_ 224510

:: ._ "- SURVEYORLAIIORATORY
+: HUGHESAIRCRAFTCOMPANY H 6c

SPACESYSTEMSDIVISION ,,_._6 _i?7

'' ,_ - - _ ........ W|....... . _ _ _ I I
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_ 5.2.2.8 _mergency Mode System Vertical Relatlve
_,ponse(R.aol_tlon) .....

The center of frame emergency mode vertice/ resolution shall m

be 0._ or higher at N - 200 lines (0.55 milliradlans per TV line in narrow _nEle m

and 2.2 miliradieas per TV itne in wide angle) as defined in 5.2.2.7 with the Iexception that the tilt angle shall be such that the resultant video frequency

doeo not exceed 200 cps.
0

l

5.2,2,9 Nor=a, 1' .M.ode' System.Bignal-to-Nolse ,Ratlo

The peak to peak _ignal to _r.s n_ise ratio, as defined below,%

shall be 27 db or great_'.r,in:_'l'o,ii,,_vi<i!cor.,video e_lifier s_ndreceiver noise
under laborator7 ambien: conditi,):.s,_r.dconsistent with t_,erelative response

requirement of 5.2.2.b. Up '.oJ_<Ib.Jc_rsdation _t the extremes of the operating

temperature range is acceptable. Un.Jer con.litions of nerm.al vidicon exposure and
monitor adjustmenl, no peric,di<',_..lectz_nic noise snail have peak-to-peak amplitudes

greater than 8% of Vs(see FJ_V:)',_5-i), nor shall ott:er [r,terference be discernible
ou the reproduced picture. For t,estpurposes the signal-to-noise ratio shall be

Jefined as V
o

" S,'N=:PC log--O-

where Vo is defined as tn Fi;9/re 5-1(B). The rrnsnoise value shall be determined
by the following method or one of eJ._alprecision. TTndernormal scannin_ operation

.photographic or other rccords shall be ma&e of the video voltage with the lens_ covered so that no light is admitted, _e maxinmun and minimum voltage levels which

are exceeded by i0 per cent of the total maxima and minima_ respective_l_v,which are

contained in the noise record, shall be measured and the voltage difference taken
as _. The time scale of the noise waveform as displayed on the CRO shall be such

that approximately -]5-20extrema nre displayed per centimeter. At least 1 milli-

secor.,dof record is required to pro_'ide an adequate statistical sample.
4

5.2.2.10 _mergenc_ Mode System 8iKnsl-to-Noise Rsti 9

The resolution requirement of _,2.2.6 shall be met con-
currently with • signal-to-noise ratio of 17 db, as defined in _,2,2.9. At least

180 milllseconda of record eLrerequired _ provide ea mde(L_e |_Is_ice_l l_le. /

The re_uiremeuts of 5.2,2.5 and _.2._.9 _ll be met in the
shuttered mode at f/_ for hii_lIEht l_i_ce Of be_v_eu _0 and l_0 foot luaberts,
and at f/_ with _2 times that hi_%_ht l_n_nce u_ad at f/&. _The oper- .
ati_ rlm_e _haAl be extended to at leaa_ 6000 f_ l_mberte b_ msplo_

-- T i |, ii

+%the** color fllt_s are supplied by _FL_ _C _btd at%em_ I_ i_m_e and v_i_
that this requirement Is met by co, dine%ion with _1_.

_amv_0_ S_ST_ Ftm_rlo_ALaF_4_l_ ' _&_10 !O I lUli I ...... _ .....

--i .........I ......$_ _(_A_IY _
_ AN_ __rY ...." -

e'_,, '-_ ..... - "...................... '" - ......,.

J _ ' -- - "NJL , . ,,,,.

,,_ ,. ,
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"REPRODUCIBILITY OF THE OR i'( INAL PA{E IS POOR "

+ one of the color fiiter.<. TI.,,lumfnance value shall be taken a._ that, _,f a
nominal 5300 K source, a, mea ured _.y _ brightness meter whose spectral respon:e
matches the CIE standard relative luminous efficiency curve.

5.2.2.12 Eme-genc/ Mode Luminance Ran{_e

The r,,,luromen%:" of _.2.2.6 and 5.2.2.10 shall be met

for a highlight iumLnance n, t,exceed;.ng 300 foot lamberts with an f/h [ri_

setting wblle in the shuttereJ expc'sure mode.
0

5.2.2.1_ N,rma! Nude D),namic Range

Thr u.:huut the luminance range of 5.2.2.1k and concurrent

w£th the requ[remen+s ,.t" .._.._o.,,.and _,,.2.2.7 the system shall provide a dynac:'c

range of 32;I which ms., b_. e_idet e_ by the ability to dl._ting_alsh'at least ii

gray levels :-paced a_ _ rat' of w_ - '.n luminance, assuming any previous image

is completely erased.

5.2.2.14 ,,_merfer:_ Moa_ D_na_Ic Range

TLr.'u,.hc.utthe h_m'_nahce range of 5.2.2.12 and cokcurren_

with the requ[reme,J._,<(f b..'._.6 and ',.,'._'.8the system shall prov!de & dynamic

range of ii:i '._hickmay be'ev[_enced by the ability to dlstingu_:]h at least 8

gray level._ :paced. at _ r_tJ, .f _ in luminance, assumix_ any previous image

is completely erased.

(]-    re-Str.
Insofar a. possible the effects of bright objects _m.d

bright extended areas in the t'leld _.f v[e_ of the mLrror and lens (within and

outside the frame) shall be m nimIzed. In order to as_._st sequence pl_aning,

system testn shall be t,erf<_med to determine possible restrictions on camera

operat [on.

5.2.2.16 Shading

Includ£ng all factors (vid!con, shutter, lens, mirror, ,_

transmitter drift, etc. ) peak-to-_eak vaziation in _ideo o_t_ut am a function

o_f position in the format, w_q the c,..-era is ex3_osed to, q_Ifo_mly '11._mil_a_,_d

field, _hall be les,_ than 50_l percent of center, o4P fr_e video volvo ovor at

least 75 percent of the forma_, and le,_s than 65 [_) percent of center of
video volt_4_e over the re_t of the foz_a%.

I



¢

!

(
5.2.2.17 System L[hear_ty

The s.Tstemlinearitv shall be s':chthat after correction

for lens distortion ana for ]._.nearreseau @istortion, the corrected positions c,f
image points shall corrcsf._nd to their undistorted image posSticns within i per

cent (3) of the fr_:.e.s_de_or an ob,!ectconsisting of a >lane grid perpendicular
:_._-._stor_ed ._magereferrod to _.boveshall be scaled-to the llne of sight. IQ:e ,I'

down replica cf the _ ',ect,,for which the scale factor s,q,all be determined during
post-data _a_a_lysisby a least squares fit of at least twenty widely spaced object-

replica points wit}',the corresFonding points in the image. System llnearity
shall be measured in the normal (600 line) mode, ,_singthe i00 ,_ focal length,

and demonstration of *'_,_;,:required %inearlty at one focus step Dosition _'"allbe

considered accept._ble eviden%e that the above a'curacy is achie ed.

5.2.2.[_9 Operating Environment

The ._y_temshall be capable of meeting all performance

requirements for sun angles less than 85 degrees from the zenith (approximately
25 hours from the terminator at 65 degrees latitude) assuming sun illumination
of the mirror hood and the immediate surface area around the ama_cecraft. _e

system shall be capable of meeting all performance requirements "for zenith-sun

armies less than 75 degrees when the sisera is in shadow. This e&pa¥11ity ._hall
be provided for all selenographlc latitudes between 65 N and 65 S.

5.2.2.20 Minimum Operating Time

The system shall _,ecapable of meeting all performance

• requlrements for at least O.8 hour of operation during any 8 hour period within
the cone _lons of 5.2.2.19. Sun angles less than 15" from zenith may be excluded. ,,

5.2.2.al warmu_ _'zme

When completely shadowed, the camera shall be capable of
meeting all performance re_oirements ,,,nderthe following conditions: i2

a) Within 5 hours (nominally) or wl%hln I0 hours (minimum /_

volte4_e conditions) _fter _emperat_e control is Inlti-
ated any time while the sp_cecraf_ is in %ranslt.

b) Within one-half hutu-after touchdown at an_ of the
seleno_raphic locations described in _.2.R.19 Drovided
that temperat_re control is tnitl&ted durln_ transit
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hours (nominally) or i0 hours (minimum voltage"_ . conditions) prior to touchdown and maintained, if

, required by the landing location, after touchdown.
0

'; c) Within 5 hours (nominally) or within i0 hours

-_" (minimuz.voltage conditions) _fter temperature con-
_ trol is initiated at any time after touchdown at any

of the selenographic locations described in 5.2.2.1.9.i,

• I
,

,_.
9 5.2.2.23 Night Survival

i

Assu_ing heating is initiated at least I0 hours beforetouchdown (minir-_mbattery voltage) and continued after touchdown, all mechanical

[, and electrical functions of nhe camera shall operate for at least i0 hours after
_}'- night touchdown.
9

i 5.2.2.24 Line-to-Line Jitter

_ The Line-to-line jitter performance is pr_arily a func-
tion of the ground eiuipment. CDC performance Is specified in 6.2.4.1.

5.2.2.25 Frame Identification

5.2.2.25.1 Freeuency of Transmittal: Identification of all command-

C) able camera settings shall be transmitted with each frame.
5.2.2.25.2 Discrete functions:. The following discrete functions

shall be a part of the frame identification information:

a) Camera Number - This attribute indicates which,

if any, camera has been energized.

b) Shutter Mode - This attribute indicates whether
the camera is set to operate in open shutter mode

-' or in normal (150 MS) shutter mode. /

c) Focal Length Setting - This attribute indicates
whether the camera lens is set to operate in wlde

angle or narrow angle mode.

i





c ) Focus Setting - The uncertainty in knowledge re-

, gardln_ the actual focus position shall not exceed
I/4 focu_ step.

d) Iris Setting - The uncertainty in knowledge regarding

the actual iris setting shall not exceed five percent of

the iris area at the f/4 mechanical end stop and at

nominal settings of f/5.6; f/8; f/ll; and f/16, I/_clusive.

, 5.2.2.25.5 Bit Error Probabi!it _

The frame ID PCM data shall be recovered with a bit'

error rate -<3 x I0-3, at a carrier predetection SNR of ll.5 db, rms-to-rms, in
the normal mode.

5.2.3 Camera Subsyste_

The camera subsystem is an integrated assembly which

contains as major functional elements the vidicon, lens, filter wheel, video

_) amplifier, sweep and sync circuits and mirror assembly. The performancerequirements of this section are establiahe_ to Insure that the combination of

the camera and other system elements as previously defined meets the system
requirements of 5.2.2. In cases where no corresponding requirement appears in
this section, it is assumed the performzmce degradation in other elements is

negligible and that the camera performance equals or is consistent with the
system requirement

5.2.3.1 Elevation C_overage

Elevation coverage shall he from -58 degrees with up .

to 50 percent visnetting (mirror only) to +26.5 degrees with no vignettlng
(mirror only) with respect to the mirror azimuth plane.

5.2.3.2 Normal Mode_Careera Horizon_ Relatlye Response

After appropriate filtering the camera video output
shall meet the response and commensu_&te signal-to-noise ratio e4 shown in

, Fi_e 5-5. _o corner relative response shall be less then 50 percent of the
required avere4e corner relative response.

t

_.2.3.3 __e_rgencyMode Ceaera _o_r£sonte_ Re!£tive ReeL_nu

Uamera video output shall meet the requA_ments of _.2.2.6. °

:,::.... _ _ ............... ... j-. ........
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_ 5.2.3.4 Normal Mode Camera Vertical Relative Response

Camera video output shall meet the requirements of 5.2.2.7.

5.2.3.5 Em..ergencY.ModeCamera Vertical Res/_onse

Camera video output shall meet the requirements of 5.2.2.8.

5.2.3.6 Normal Mode Camera Signal-to-Noise Ratio
%

The peak-to-peak signal to rms noise ratio shall be
28 db or greater, as defined in 5.9.2.9 and shall be consistent with the

horizontal relative response 8s shown in Figure 5-5. No periodic electronic
noise shall ha'e peak-to-peak 8_lJtudes greater than 8 percent V (see Figure 5-1).

s

5.2.3.7 Emergency Mode Camera Signal-to-Noise R.atio

•The resolution requirement of 9.2.3.3 shall be met con-

currently with a signal-to-nois_ ratio of 30 db, or greater. No periodic elec-
tronic noise shall have peak-to-peak amplitudes greater than 8 percent of V
(see Figure 5-i). s

5.2.3.8 Normal Mode Sensitivit Y

The requirements of 5.2.3.2 and 5.2.4.6 shall be met for
the luminance conditions of 5.2.2.11.

5.2.3.9 Emergency Mode Sensitivit Y !

The requirements of 5.2.3.3 and 5.2.3.7 whall be met for
luminance conditions of 5.2.2.12.

" j

• 5.2.3.10 Camera Scannir_gL.inearity

The maximum deflection of the scanned raster edge, in
normal mode, from a straight line, due to the ei_fects of m_gne_ic deflection
and sveep waveform nonlinearities, shall be no greater than 16 TV lines.

Variations in scanning speed over the entire format shall be no greater than
2 percent of the nominal scanning speed. All other effects such as line-to-

line Jitter, power supply loading, circuit switc_i_g, circuit interco_ling,
etc., shall not caUse distortion greater than i_L_) TV lines on a straight line
less than 150 lines in length. Additional fixed vidicon dis_rtlon sI_Ii_not

exceed 6 TV lines between any two adjacent exterior reseau marks and sheA_ be'
known to 2 lines.

e

O
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5.2._.11 Filter Wheel •

The camera shall contain a 4 position filter wheel capable

of accepting color or polarizing elements. In the case of the latter, the

direction of the plane of polarization sh_ll be. known tel3 degrees (_). The

time to step from one filter position to the next shall not exceed 1 second.

Each filter wheel s£ep position shall be 90 degrees e6 degrees (4). Suitable

end stops shall be provided such that no more than 4 steps can be taken in
either direction. The clear window and color filters shall be' arrea%ged in a

, counterclockwise direction, as seen from the top (hood) view in the filter

wheel in the following order: clear window, green filter, blue filter, red

filter. The clear filter shall be placed in the filter wheel sector that is
over the len_ when the filter wheel has been set to its maximum counter-

clockwise direction, as seen from the hood.

5.2.3.12 Raster i

'_)
The _c_nnlng raster shall contain 600 150 active lines

in normal mode and _4)200_ i0 active lines in emergency mode.

5._.3.13 s,lgnal0ut_ut

The peak-to-peak video voltage at low frequency input

shall not be less than 65 percent of the full signal range (Vo/V = _ 0.65 in {
Figure 5-1(B)) for am effective sat_LratiGm exposure (as 4MDflme4 _ 5.2.2._ and i

with a 5300 K source) in normal mode and 20 percent of the full scale raage in

') emergency mode. With the aperture adjusted to produce 65 percent video voltage,
the sLma of dark voltage (Vd) plus video voltage (Vo) shall not exceed 85 percent _"

of the full signal range, nor cause amplifier saturation throughout the vidicon 1
temperature range from -2OAF to +i3OeF.

5.2.3.14 V i.dicon Spectral Response '_

Spectral response shall be such that an effectlve B&turatlon

exposure as defined in 5.2.2.5 from a 5300 K source will produce at least 9 x iO-9

amperes desired, 3.2 x 10 -9 amperes required, using %he filter|, Corni1_4K C8-_-65 2

(_'een_, Coming C8-5-57 (blue), and 2.4 x I0"_ usin_ the Cornlng CS-3-66 (red) fil%er. ";'_-

5.2.3-15 Persistence "
, w,

The erasure ch_racterlstlcs shall be such %hat when

"black" areas are superimposed on "white" frees in lucceselve f_emee .of a
normal survey sequence, the black area viAeo voltage differs from the bl_cM

, ' area video voltage for a sustained sequence on a stationary p_%%er by no more
.. then 6 percent of the maximum bl£ek %0 vhl%e v_e_e dift_rence. For pur_o!e|

.,. of thee r_u_r .m_m%, a _l%e _o b_ae_ e_omAre _a%to _f $0 vt_h _ vht%e
"_ ulmm_e e_uaA_ _e e_eeZive ea%v_tttem e,_e_.e (see_.|.i._)te carom4.

.' _ :t,e4eeired %ha_ th,te, l_Hral_.e'_eaeeMeae aiie_e_ i IMi'ee_'b.
• .#

,.£%:."::_-'_"/'":"'";.... -" '"' "':'....":'-"":.-": . . .......:.',." I ".T2 ....'-".....": ::."
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_ 5 2.3 16 Overexposure
$

A single exposure anywhere in the frame of up to 16 times

the effective saturation erposure shall not cause picture degradation, after
seven erase scans, in subsequent pictures in a sequence except .as specified
in 5.2.3.15.

_- 5.2.3.17 Shading

,!_" "Peak-to-peak. variation in vldicon output voltage as a
\;

Ikmction of position in the format, when exposed to a uniform exposure, with •

_ a SNR as specified in 5.2.3.6, on the vidlccm face shall not be greater than:

I) 25 percent (30 percent at lens f/no. =_) of the canter of frame output volt-

age for the average found in I; 2) 35 percent (50 percent at lens f/no. -_) of
the center of frame output for the average found in II.

I. Average the four following output voltages:

_ a) Center of trace output voltage for .the 6% from th_ top of
format scan line

b) Center of trace output voltage for the 6% from the bottom
of format scan llne

c) Two output voltages at the 6% from edge of trace for the
. center of format scan line

C) _I. Average the two folloving output voltages:

a) Two output voltages at the 6% frcm edge of trame for the '
_° 6% from the top format scan line

b) Two output voltage at the 6% from edge of trace for the
6% from the bott_ of format scan lane"

• 5.2.3.18 Reseau

(" . A reseau, capable of correcting the geometric dAst_ti@n
the TV syst_ after the lens to an accuracy sufficient to meet the require-

me_ts of _5.2.2.17, shall be inscribed on the _|ide of the vidic_ face. _

shall be made of the inscribed reseau such that the p_t_ of reseau po_ts
,._. sl_1_ be kn@mm in two directions to within _ 5 mAcrom_a_ _, Im em __i_te

(x, y) c_d_nate system.

_ 5.2 3.19 D_rk Current CalAbratl_n

,, ,_ Dark current @_l£bratl_ _ re_t_e_ f_ A_I.

:_...._:_,'': -i. "......" ' '"_.",'_:.' ' "" _'' '_'_ _' "_ ' :' "-"":

,......,. • mUAOI-SyITw_IV_-ION ,.- -., -< _, :-
-,-, _,_.,..',,. , ,,,,-, _ .... , _,., _.._3; '-:.._._p:-,_,_}..;'-, ,.h_,._._?.,_.:_-:.:,',

; T�t�_:_,:_
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i

5.2,B.20 Mirror Step Sizes
Including all dispersions from step to mtep and the

reproducibility of each step, mirrors shall have step sizes of 2._ ± 0.i
degree (k) in elevation, 3.0 + 0.i degree (2) in azimuth.

5.2.B.21. Mirror Step Datum
/

The datum for orientation of the elevatic_ steps shall

be such that the center of a na_'row angle f_ame may be aimed at -_o9 _ 2.0 i

, degree (k), with respect to camera coordinates. The datum far orientatl_ of

the azimuth step shall be such that the centert_,_ a frame may be aimed perpen-
dicular to the camera face, within 2.0 de_rees_"/. The camera face is the flat
section of the camera housing containing the electrical commectorl.

o

i.

t

o 1

t
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£ 05.2.3,22 Mirror Azimut, h, Stop

A suitable stop shall be provided in azimuth to inhibit
the mirror from stepping beyond 132 deE:ees in a counterclockwise direction and

222 degrees in a clockwise direction, measured from the azimuth datum line (see
5.2.3.21), on the azimuth stepping circle, as viewed from above the camera.

5.2.].23 Mirror.Rotat!gn Axis,Allgnment

The axis of rotation of the mirror shall Intersec_ the

image plane - for infinity focus - wiZhin inch of the format center. This axis

shill be pea'allel to the reflection of _h_"_ntrel axis of the camera withineO.l

degree(_) (see figure 5-2, and see 5.2.6._ for the definition of the central luds _I

of the eeaera). The elevation axis of the mirror shall pass through the mirror
s_rfaee within .005 inch(_), and through the azimuth axis within .010 inch(_). ',
The elevation and azimuth axes shall be perpendicular within 2 minutes of arc.

5.2.3.2_ Mirror S_epplng Accuracy

Actual mirror step.posl_ions shall be calibrated and shall
be known and reproducibie to 6.0(_) minutes of arc with respect to the mirror
moun_ing regardless of the direction of rotation.

i
5.2.3.25 Mirror Step_In_ Rate il

The r'_irrorsteppi_ rate capability listed below shall

apply for electronics temperatures between -20°F. and +165°F., mirror assembly

l-_ temperatures between -50° and +165°F., unregulated 22 volt (nominal) supply volt-
age between 16.9 _d 2'/._vol:.s and stepping pulse width less than or equal to i
150 ms. '_

n) Continuous elevation stepping at a rate of 2 steps ,,
per second for sustained sequences of steps. "-

{

b) Continuous azimuth stepping at a rate of 4 steps

per second for sustained sequences of steps.

5.2.3.26 Mirror Se_tling Time (
!

After s t_pping throug_h 2 steps, mirror vibrations shall
be damped to eO.l minute of arc(3) amplitude within 0.5 second.

5.2.3.27 Mirror Optic e_, G_aalit_

The mirrors as moun_ed in the cemers enviro_eut on "r,he
lunar surface, shall conform to the follovin_:

a) Peru's: _ of _ _la_e_p_. _aeM.
_) X,_e_e_%V_ _ e_I _ per_ae_.

• _._, .., .... :,- ........ . . ,,, ...... .:....... . _ • , , ,,
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(_ d) Avera_e Specular Reflectivlty: At least 86 percent
(wlthin *60 degrees from the norms) between 4000

and 7000 _gstroms.

e) Averse Diffuse Reflectivity: 0,25 percent maximum

required, 0.03 percent maximum desired, between
"4000 and 7009 angstroms.

5.2.3.28 Cleanl[ness

The mirror shall be capable of being stowed for_dust pro-

'_ tection. Prior to launch the lens, filteT wheel, 8_d the mirror shall be cleaned,

all dust particles shall be removed from the mirror surfaces, and the_ithe mirrors
shall be stepped to the closed hood position.

5.2.3.29 Lens ResolutionJL ,, L__

The minimum average resolutlor shall be equ_l to or greater

than 70 line pairs per mm over the entire im_tgeand "(-r_ll object distances for 25
mm and i00 mm focal-lengths, over the range 0.4 to 0.7 micron spectral region, with
object distances from 6 feet to infinity. At _ _ foot object distance the minimum

average shall be equal to or greater than 60 llne pairs per m_. No individual %.alue
shall fell below 20 line pairs per mm at either focal length or at any object dis-

tance. The above values shall be met with ea_;hof the 3 prima_ color filters +
of the filter wheel, placed before the lens, one at a time, without refocusing.

: 5.2.3.30 Lens Distortion, _ H, ......... ,

The over_ll distortion due I;o lens, filter, and reflex

C} viewer _hall be no @_eater than h percent(_) for 25 mm and lOO mm focal-len_hs• over the vldicon format. This distortion shall be calibrated toeO.5(4) percent •
of the lens semi-diagonal.

5.2.3.31 Focal Leu&_.h

..... Focal length shall be commendable to lOO e2 mm sad

• 25 CO.5 mm at two sepsxate end stop poFitions. The focal length at each end stop

• position shall be.calibrated to an accuracy of 0.25 percent at factory ambient
._ conditions. R_peatability of focal length en_ stop positions for themal vacuum

• ' env_ro_ents shall be determined.
:[_ J _'- . .

" . - , 5.2.3.3_ Irls

, : The iris shall have the e_ablll_T of operati_ in lhe
"'"-" ." follow_ng modes.

i%.' " "

, ", . Ccaaaud M_de: The lens .aperture_ll be c_e_aad adjust- .
""_, . "'-" able to f/_ f/5.6', f/8, f/ll, f/16 and f/_,%o within _2_-). l_r_ent of the to1_£
• -'_. area of.a sl_ecified operation for a_ aperture fYcI-f/_ tO f/_.

"'_ '_ � *´�À�eol_-fiite_'sa_e s_plled by _PL, _ eh_d artiSt to Ine_e _d veri_M
',/.":'.i_-",_.that thls requ_ment is It by eoor_L_n_t_On _h JI_L.

_.,'_;.

" '_ 7 _ _ ,-, _ ill 3 iiii i ill i " ' . c; . ' _ " . c _ z ii I ' - " " I

.. I ;.:.-
,_'._.}:r_• :_,_" .;._ ._ ..•_.. ..- , - , .. ,- : ... %;-.-_ .. , _ _ .,. . . .. ,, ,.- ,,_
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Automatic Mode: On command,-a light sample shall be

employed tc control the iris automatically to the average cf the observed scene

brightness. In this mode, the _ris shall correct and settle within 0.5 second
after a change in scene brlght_eFs corresponding to one f/stop. The iris shall

correct to within 40 percent(4) _f the desired average vldicon illumlnance.
The automatic iris shall be calibrated and adjusted using a test _hart having

an average ccntrast ratio of 2.5 to 1.0 smd illuminated by & 5300 K source. The
automatic iris under the above condlticns shall be adjusted such that the

observed test chart highlights produce an effective saturation exposure

(see 5_2.2.5).

5.2.3.33 Transmisslqn

On axi_ l_ht %ransmlssion at each waveien'th through the

_en_ assembly includin_ beam-splitter and lens shall be no less than as shown in

Figure 5-6.

5.2.3.3_ Lens Vignettin _

Image illumination across the format, for ublform input,

shaZl be at least 60 percent of that in the center of the format at any.iris
setting.

) ... 5.2.3.35Focus Distance '

The focus diszance sh_ll be &dJUs%&ble in not less than 50
'- s_eps from four feet to.infinity at either fcc_l-length. T_e focus distance at

• any step is to be the same at iOO mm focal-length as at 25 mm foc_l-length.
Focusing accuracy shall be such that at any step the absolute difference _etween
the actual focus distance and the nominal distance shall not excee_ 50 per-
cent(_) of the difference between the nominal focus dlstLnce an_ the next
lower nominal focus "distance.

#

/
5.2.3.36 Focu m Stepping

//
_, _ The follcwlng two ccmman_ modes sh_ll be proviled to

change object dis_anoe:

. a) Single focuse_epe_mma_svhlchi.oreueor decrease
_ the focus poe,%ion _y one of _e _0 or sore foe,s

steps. The suz'vey TV s_a,ys"P.e_,_ ml_,a.ll _e eQe,ble of'

; c

'_.

.... ' ..................... _.11 I Illl _ _ /- I III III I I I

o !..... !:
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0

acc_pt'ng and reacting to single focus step commands

t,-ansmltte_i st the rate of one compound every 0.5

see)rids or slower. Sir_le step and mechanlcal

set_ling time shall not exceed ,0.3 second.

b) MultipLe step focus commands which increase or

decceasc the focus position until either the com-

mand _s repeated or an end stop is reached. After

i r,_aching an end stop, the multiple step focus

- command shall be repeated to stop the drive motors.

" W_._,_.activated by the multiple step focus co_m_and,

•_-L_s pes.t.on shall vary at the rate of 4.0 ± i 0

stepc per sec:_*d. The survey TV subsystem shall be

ca_,ab_e :.',faccepting and reacting to multiple step
f-'..,, ..'c,_,m,an0.stransmitted at the rate of one com-

::m:,.,_very :.5 se-:onds or slower. Mechanical settlin_

'!m( ,._fterthe last step has been achieved shall not
eXC.:',.,i :,.i S_'2?rW].

i_- 5.2..; • :,7 S_ _,' e:"
,J

The shutter shall have two modes of operation:

_ / a,_' ,.hu,._ t_m,• af 150 + iO msec (4)

!: C__ bl Open shuttor mode. •

_.2._ :_" "a":<ra Life
%

' "It'ty-thousand(_I_) TV l'rame_.Tn'':_,:ca zhal] b_ designed t_ prcvlde _ minimum of . .

•_' 5.2,3.39 Camera S_inc"PuLse Rise Time ' /

The rise time (iO_ - 90_) Of horizontal _ync pul_e _h_ll

_.e equal to or less th_n '_,.5mlcrsseconds at the output of the c_mer_ sy_c

.-ircultry in norms _.mode and _5 mlcrosecon_s in emergency mode,
&



_ HEPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR."

R

5.2.3,40 Camera Syr_c Pulse Frequency Stabilit_' • _
l
J

Variations in horizontal sweep pulse-to-pulse period

S'h ii n:,t exceed t .5 _se_"_) in normal mode, and ±_00 _secs in emergency• '7

mode. _he sweep peri..d s.'_aiibe measured on the composite video waveform at
the biack (_>r dark currer,t) lev_l, for full scale light input to the vidocon,

i.e., approximately _ v(,itspeak-to-peak video camera output.

5.2.3.hi Camera Mirror Hood i

To meet the requirements of 5.2.2.15 the cmmera mirror

hood shall be designed to pre,vent stray or reflected llgh% from entering %he
lens. The interior of the hood shall be suitably finished to red_ce to

"minimum, reflections from its walls.

5.2.k S!gnal Processing and Transmlsslon

5.2.L.i Modulator Rempons e

7Le transmitter frequency devlmtlon for _Ine wmve

C_ Lnput_ to the wldebsndFM video input of the tr&nomitter _hall be flm_ wlthln: 1.0 db from 1 cps to 220 kcps. The zero frequency transfer cons_sn_ _hell
re_In within z I0_ of its prelaunch value,

c' •
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./

£
5.2.4.2 Transmission Bandwidth

Modulation gain shall be such that the composite video

plus noise from the camera will not cause significant dlstort_on or slgnal-to-

noise ratio degradation due to deviations outside the bandwldths of 3.3 (-3 db)
mc in normal mode and 10.5 kc (-2.5 db) in emergency mode.

0

5,2._.3 Normal Mode System Demodulated Signal-to-Noise Ratio
I,

T Modulation parameters shall be such that a demodulated

peak-tolpeak signal to rms noise ratio of at least _3 db is obtained for a
low frequency slnewave test signal having a pea_-to-peak amplitude of 65_ of
the camera peak-to-peak composite video when demodulated in an ideal dlscrlmlnmtor

_ith a square passband 220 kc output filter and a predetection signal-to-nolse
ratios Zll.5 db in a 3.3 mc square bandwidth defined in 5.2.4.4.).

5.2._._ _mergency.Mode Demodulated Sl6nal-to-_NolseRatlo

•Modu/atlou parameters shall be such that a demodulated

_ peak-to-peak signal to rms noise ratio of at least 20 db is obtained for a low
_ frequency slnewave test signal having a peak-to-peak amplitude of 20_ of the

camera peak-to-peak composite video when demodulated in an ideal discriminator
i°_: with a square passband 1.2 kc output filter and a predetection signal-to-noise

ratio-_5.5 db rms-to-rms in the 10.5 kc bandwidth defined in 5.2.4.9.

V 5.2._.5 Spacecraft TY'ansmlssion Rise Time ar_ Overshoot-

For a step output from the vidicon amplifier the rise
_- time (10% - 90%) of the transmitter output frequency change shall be no greater

_han 1.O microseconds in the normal mode, or 7 microseconds in the emergency
.• mode. No more than 5% overshoot shall be present

i"

k_ -

! ._ 5 ._.5 Pos_ Landing Calibration Charts

i..,',i' Two char_s shall be provided for post lan&Ing _'_oto-
metric, colOrimetric_ and .re|ol_tion calib_&tlon.

,.- SgRV_XOaSYS_ _CTIONAL_a_TS _5_0

.;,,. .'_'_'_ .... . ....... ................... -.- ............... •.... :........ ,,_, .
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_ 5.2.5.1 Resolution

The chart shall include black and white bars of varying

width s_fficient in range to determine the _ost landing resolution, sensitivity

and signal-tb-noise performance of the camera. A contrast ratio of approxi-
mately 8 is required.

%,

i/, 5.2.5.2 Mounting and Alignment

, _ At least one char% shall be mounted in a plane normal

within ± 5.0 _e_Tee to the llne-of-slght of the camera when _t views the chart
for nominal landing conditions. The other chart shall be mounted such that it

• is vlewable by the camera and in a plane as nearly as possible normal to the

_ camera llne of sight. The charts shall be contained within the inscribed
_. circl_ of a narrow angle TV frame taken by the Surveyor TV camera when it
_ views the chart for nominal landing conditions.

}

[ 5.2.5.3 Environmental Requirement

'_ The reflective properties of the chart| shall be stable

in the lunar environment and survive two lunar days and one lumaz night @on-
tributing 2 percent or less error in photometry due to enviromNntal effects
exclusive of dust. The direction of the normal to each chart mmrface shall

be known in S/C coordinate after landing to ± I degree (h) t_r_Aghout the

C} range of landing conditions specified in Section 3.11.

5.2.6 Camera Mounting and Alignmen%
i

/
Mirror elevation axis shall be at le&|t h.5 feet above /

the nominal lunar surface. Maximum helg_t oonai|tent with _.2.6._ i| de|ired.
./

_._.6._ Unob,_ructed Covere_m

Maximum unobe_ructed aalmA_h ceve_e tt a_l e_ev_le, e
is demired.

, _ .;
t , -

• t
•. .. ..... , ..,

. smv'ao_ ms_ m_zo_,_., m__ , z_:_o

. ,. :, .--,.__ . II_1!It'Olltamoea11'tslv:-- " Z sc
- " NN.Nitl _ll@il&@_ _-_Ni.P&N¥ "" ';"" ' ............ "

' _llSilallll _-M, i
• '".' ' I 14' '
_'_,- ' ."..'v' , ' /
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1969008399-146



5.2.6.4 Alignment.

Mounted orientation of the camera central axis shall be

known for the mirror orientation before "launch to +0.5 degree(3) in space-
craft coordinates. The camera central axis is defined here as the line

connecting the central reseau point of the virtual camel's (see Figure 5-4)
with an object which is imaged at the reseau point.

5.2.6.5 Camera Motion

Mounting shall be sufficiently rigid and/or damped that

operation of any camera mechanical functions (e.g., mirror positioning) motion
of the camera central angle (see _.2.6.5) will be less than i0 sec of arc

amplitude 0.5 second after the camera motion is complete. In addltlon, the
mounting bracket shall be designed to insure the cs_ez'adoes not rotate or
tilt within the bracket, due to launch and landing lo_ds, to not more than

_0.i degree(t) either in rotation, or in tilt, from its prelaunch settings.

5.2.6.6 Vidicon Foz_at Alignment

One side of a TV camera vidicon.format shall he aligned
parallel to the spacecraft X axis within ± i(M) degree.

5.2.7 Sequence Progr,aming

"" 5.2.7.1 Automatic Sequenqe

The high picture rate capabilities of the itm_r TV

system coupled with severe time and power restrictions require assurance that

the ground environment will not limit the required TV surveillance function. /
There is, accordin$1y, a requirement for an automatic mode of operation, /
meetin4_ the following requirements.

,,: " a) A prepared e_pu_e_ program for ume by the _FOF

:: • computer in this proEram is designed to acoept

... initial surwy data and ume the information to

arrive at an optimum focusing _ogclm.

". "," ' -: """ " "_ ' "" : L:'j_ , ..... *...."_** ,",':, ...

,._:, _'_ . ":j. .,. , :% '_' , . ",.- ............. :.......
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_i_ b) Photographic Analysis: The initial survey sequencerequires that the rapid processed photographic

frames be analyzed at an average rate of about 6

frames per minute. Thus, several people operating

in parallel may be required to perform the data
reduction and provide the relevant data as a

computer input.

_, c) Tape Punching: Tape punching and format conversion

: equipment are required at the Goldstone DSS to/

'] convert the computer output to color coded alumi-

• nized mylar tape such that no delay of spacecraft

7 sequence operation will result. The punched tape
must be error checked before commands are trans-

2

mltted from it.

All sequence repeats of the complete mapping sequence for the same focus
settings will be run from the final corrected aluminized mylar tape if the
iris servo is used; if specific iris stops are wanted for specific frames

and/or if specific new focus settings (to achieve better resolution at points

of particular interest) are desired for certain frames, the computer program

_i , should accept these as inputs and produce a new tape sequence program.

i . . o

_" 5.2.7.2 Manual Operation

i! _ The bperator musk be capable of manually commanding allF_
_ camera modes from the console. This is necessary as a backup to the automatic

: mode, or in those cases where only a few isolated frames are wanted. It

I should be an objective to achie.ve as h_gh a manual frame rate as possible.

g
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" 5.3 Alpha Scattering Instrument:

5.3.1 General Re luire::._ntsand Objectives

The Alpha Scattering Instrument will be used for compositional
analysis of lunar surface materials. The instrument will detect b_ckward

scattered alpha particles as well as protons generated within the sample
by the incident alpha particles.

5.3.2 Television Viewing

5.3.2.1 Stowed and Background Positions

It is desirable that television viewing of the sensor head be
possible with:

a) l_.esensor head in the stowed position (on the st_ndsrd sampie)
b) The sensor head in the background count position.

5.3.2.2 Lunar Surface Position

All possible locations to which the sensor may be deployed shall
be within the unobstructed view of the survey television camera. Television
viewing capabilities shall include:

a) A narrow-angle '_urvey of the lunar surface area to which the

} sensor is to be deployed. ,
head

b) A wide-angle view of the sensor head on the lunar surface

subsequent to deployment.

c) A narrow-angle survey of the sensor head on the lunar surface.

5.3.3 Environmental Operational Requirements

5.3.3.1 Operating Temperatures

5.3,B.1.I Deployment Mechanism:

The Alpha Scattering Instrument Deployment Mechanism shall be
capable of sensor head _eployment when the temperature of the mechanism is

within the range of -65°F and +275°F.
!

i i i i li i n i i j H i il i i! i i _Jll i! j lili!
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5.3.3.1.2 Alpha Scattering Instrument:

The Alph8 Scattering Instrument shall be capable of operationwhen the follow!n,_ temperatures are concurrently realized:

a) The sensor head temperature lies within the range of from
-40°F to _122°F.

b) The surface to which the Alpha Scattering Instm_ment

Auxil[a_j (ASIA) and Electronics (ASIE) are mounted is w_ t_-in
+ othe range of from -4°F to 131 F.

[

,: 5.3.3.2 Operating Enviror_ent

_" Thermal control shell be provided such that under conditions :_.-'"
continuous operation the temperature shall remain within the limits sn,ec-

_-: ifled in 5.3.3.1 to w_thin 3 hours of the day/nlght terminator rot land:n:;s
within +65 degrees latitude (assuming use of the sen_or head heater during
the near terminetor periods).

• ' 5.3.4 Instrument Survival Temperature

5.3.4.1 Sensor Head
_A

i The sensor head, including sensor electro:.ics, is capable 'of

_ withstanding without performance degradation non-operating temperabures
between -300°F and +167°F.

Thermal control shall be provided such that the maximam non-

i _ operating temperature 'shall not be exceeded at any time during the lunar

_" day.

_ 5.3.4.2 Digital Electronics
_: The digital electronics shall be capable of withstanding without

performance degradation non-operatlng temperatures between.-130°F _md
+257"F.

5.3.4.3 Alpha Scattering Instrument_Auxiliary (ASIA)
A_

The ASIA shall be capable of surviving a non-operating temperature /
range of from -67°F to +185°F.

" ': 5.3.5 Heater Requirement

'z,/

A heater shall be included in the senBor head so as to provide the

,- capability of maintaining the sensor head temperature above -40°F during
the near terminator perlods of the lunar day. The heater shall be sized

so as to be capable of maintaining the operating temperature level to
within 3 hours from the day/night terminators.

i
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' _ 5.3.6 Spacecraft Subsystem Data Characteristlcs

Accuracy

Signal Process] ng

Instrument Output Terminals to +
Signal Type Range Transmitter Input +

Alpha Particle
Detector digital NA Bit error rate 10-5 _+

-5 _
Proton Detector digital NA Bit error rate i0

Sensor Heat Temp
(from 'ESP) analog -300°F to +167°F ± 0.2% (I+)

Electronics Temp

(from ESP) analog -30OPF to +257°F + 0.24 `£)/

Power Supply

(+7%it) analog 0 - 5v ± 1%(4)

Power SupI01Y

(+2_volt) analog o- 5v. ± i%(4)

_ard Event

Monitor analog O- 5 V ± I% xhjf_
Ar_

'_ Alph_ Command

Memory discrete "on" 5 to iOv dc . HA

VerifiCation analog :'off"0 _ iv dc

Proton Cmmand

,. Memory discrete '+on"5 to iOv de NA
-, Verification • analog "off" 0 ± Iv dc



i

i
!

i
7

5.3.7 Signal Processing mTd Transmission i
i

i The alpha scatterinz experiment transmission link performance sb_ll be -h I

" mtch as to provide recovered alpha and proton count PCM data at a BEE <-i.I x IO ,

for minimum margin (worst csse) multiplex predetection SNR conditions. The _alti- i

plex is defined as the simultaneous phase modulation of the RF carrier by the I

I alpha count, proton count, and 550 BI_ CO.3 radlan modulation index) engineering !
[ data subcarriers. It shall be possible to transmit other engineerfng data rates

I in this _itiplex, with increased levels of alpha and proton count BER. It.shall
,. be presumed the spacecraft subsystemz contribution to overall link BER is sp_c-

• ified by para. 5.3.6.
)

The alpha particle and proton detector r_tputs shall each frequency .modu- !

late a subcarrier, as NRZ, PCM data, in a Pt_,_/FM/PMmode, at 2200 BP_ a_,d ;50 BPS, I
respectively. The r_nainder of the alpha scattering PCM engineering data, on _r.

, •appropriate engineering data subcarrier, also in a PCM/FM/PM mode. I

9.3.8 Service Life }

The minimum service llfe objective of the instrument subsystem, excludin6

i:! checkout and test time, shall be 45 hours (36 hours of operation plus _ Louts
maxi_m_m interruption time). This corresponds to a spacecraft service life objec-

i_ tiw_ of 90 days. ,

o :
e

Ib



6.0 GROUND EQUIPMEh_ VERFORM_CE REQUI_S I

6.1 DSIF Communication Link: A two-way communication link must be i

established between the earth and the spacecraft during transit and l'unar•

operations. It is r_qui_ed that the spacecraft be compatible with the JPL _
Deep Space Instrumentation Facilities (DSIF) as defined in the DSIF Interface
and Requirements,Document. The document which defines the technical

performance of the DSIF Mission Independent Equipment and its interfaces

with the Surveyor CDC will be JPL EPD 260 "Surveyor Project/Deep Space i

Network Interface Agreement" _evision 1 (one) of 16 August 1965. The
following DSIF capabilities -andlimitations are assumed in setting other

dependent system functional req_mirement_ and design parameters:

6.1.i Transmitter

6.1.1.1 Freeuency: Yn 21i0 mcs to 2120 mcs band.

6.1.1.2 Tunabillty: May be electronically tuned +70 kc about

center frequency. Center frequency may be placed in selected parts of the
above band by changing crystals.

6.1.1.3 Frequency Stability: The long term (less than one day)
stability shall be within O.1 ppm. The short term stability (less than 1 mln)

• shall be "-ithin 0.005 ppm.

6.1.1.4 _ning Rate: The maximum rate of change of transmitter

frequency during tracking shall"be such that the rate of change of doppler
Q__ • •

frequency plus the transml_ter frequency rate shall not exceed I kc/secz _or

} 30 sec.
6.1.1.5 Tuning Interval: The maximum time interval between

transmitter tuning during transit shall be such that _he transmitter is

tuned before the doppler frequency has changed 75 kc from the frequency at

the last tuning. The nominal tuning shall be such as to keep the received
signal at the S/C within 1 kc (desired) of its open loop rest frequency.

6.1.1.6 Modulation: The transmitter shall be capable of being

phase modulated for sending commands to the S/C.

6.1.Io7 R-F Power Output: It shall be possible to vary the /_
transmitter power output from that level _eauired for maximum distance operation

• to 20 db below that level o . . .

!

: ), .
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*_ REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR"

,I.2 • betel', er

; ,_._._.i _req,.en_ji: _r,2290 _e to 230C me band.

..1.2.2 l,naLi±i:E: "aT,Le _!e_roniqally t_ned -+70kc about
center .._.uency. Center requencj ma.,"be placed in selected parts of tne
above band b_ :_nging cr/s a_s.

i_ o.i 2.3 Fre_/_re_ A__curacy and Stabil_t_: The long term (less
_" than one day) stability shal] be wiLl,in O.I ppm. The short term stabii_ty

_° _less than one minute) s,hal_ be witIlinC.Oi ppm.

_ c.l.2.L Bandwid_I.: The receiver shall have an i-f bandwidth of
__ at leas_ _ _ '>._ mc ,o receive television video signals.

-- u.l.3 T_'ac_,i:.gCapabiilt_

• _.i.3.1 Maxim_ Angulr_r ljrackingRates: 0,7 deg,laec in no_r
_ _gle and declination. (This limits DSIF capabili'ty for those parking orbit

! cases when injection takes place near r,:-eDSIF. In these "worst case" _ra-

jectories, angular rates ap to 3._"_eg/sec will be experienced.)

ii b.i.3.2 Maximum Doppler Shift: Tuning range of the transmitter

""0 ar,d receiver is limitedt"_r/"+''0-_. kc fr'omthelr nominal; where the nominal fre-
quency is determined bj cr:/sta] selection. This tuning range, in conjunction
with the spacecraft transmitter and receiver frequency uncertainties, results

in a doppler coverage of up to approximately ±50 kc (one way). This limits
/ the DSIF tracking capabil_ty for par_ing orbit cases where injection takes

place near _he DSIF. In these "worst case" trajectories, the doppler shift

can be from +72 Re to -72 kc for tne spacecraft receiver frequency (nominally
2_._._ mc)and,from to -77 kc for the spacecraft transmitter frequency
tnomlnally 2295 mc). To accom.modate these large frequency changes, it will

be necessary to bias the transmitter and receiver center frequencies to a
value such that tracking will be possible during only the last but major part"

of _ pus. /i/

/
6.1,3.3 Mgximu_ Rate cf Change of Doppler: Doppler rates up to

a k¢/se_2 (tWO W_4) wili be encountered under e6n_ition_ wherein the _ngle

_r_tO_ dO no% e_eeed the valuee specified in p,re$_._h 6._._.I, Grea_er

_. " _ppler rate8 will exist but under tho|e con_i_i_al, _raekit_ will be limlted
by _ngle ra_e.

>

..... _'._.... SURVEYOR SYST_I4 FUNCTIONAL REQU__ _i0
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i

+i

o.2.1.i.3 Wideband __4/I"'M.,Mode

_+_, a) T_le post detection SNR shall be as noted belowjfor tb4 liX multiplexer _ecelerometer channels.

PEAK CARRIER DEVIAT10N POST DETEOTION S_ DB FK-PK/KMS

l) -+ kc db

2) -+ kc db

, 3) ± kc db_ _L,

- _) _ kC db

5) ± kc db

o_ + kc db

for a low frequency slnusoldal signal, at a

predetection SNR z 11.5 db EMS/RMS. Ti_epost
detection SNR is defined at tne second FM

demodulator output.

_+ -." " b) The total harmonic distortion of a low frequency9
!_ sinusoids/ signal shall be -< %.
%

_ 6.2.1.1.4 PM/TM Mode: Nominal frequency range - 300 cps - 50C kc
(within db) e_llowable am_og signal harmonic distortion - percent

i 0 maxi_n.-----

6.2.1.2 Subcarrier Discriminators (Spec. No. _2210, Rev. C):
i The following discriminators with proper ch_el selectors shgli be furnisned:

Channel

Center Selector BW

; Frequency KC (-2._ db) (cps)
• j

_.7 2% /
_._ _
5._ 810
3.9 _Oo .
7.35 1102

3.9 58o
0.56 _.O
0.96 ll_

• _z,_ 9_mo•,
1'o.o

e +....." +.o.
;' ' _+,-_, +t+_ ,'++',+ - - " " + : -'. +

, 1,,5+.+++,:++._,..+_._,?l:._+.+,pbll+., _".... _+ : l: : : "L .. I . I 11' :.?: " II_+''i_LJII..1 " +7 _. ".':IL+:_ ]l l, II t : +1+ I' ' ;
+.++.... _+_+++.+_•+ _ _ . ,•, .. • . , ,, ++,:.+ ,., . + . ,
:,+ ,_-, ",,_,, ,;+ ,J,+ , ++; , +[ , ++ +.,+ ;

;.:+,_._,_<'_ .... ;'+_-%9++4_.... ' %+ ". "+ - " • ". " "+ " " . ,'.,' i , -,
:,+_'e+ /"_ ;-'%_:::%,_:_-+ -+ . . -++--+, ',' +i

_ + +l+:+_+ ++ _ +_'+ '_+]+_++_+ ' + ' , ++ + " , "

'" +-+__?_:#_]+ff+++',+.]_++++t,,'" +... + ,

_,._,,-:"(,5::. _ " "": " _" " _:' " ., " + ' <+' ' +
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6.2.2.1 Format

(_ a) Direct Commands - bit consisting
24 word of 4-blt

sync, 5-bit address complement, E-bit _ddress;
>-bit command complement and 5-bit comm_nd.

Manchester c6din_ is used on all except the first
four bits.

b) Quantitative Commands - Same u &) except sub-

mti_uting a special lO-bit quantity MsJ_e for
: the lO-bit command Ind its complement.

I,

- c) Fill in Words - Same sync 4 bits &s a) follovin_
r with 20 bits all ones.

* 6.2.2.2 R&te and S_bcarrier Frequency: The subsys%_ sh_/.__e
cal_Lbleof drivin_ an _ at 48 BPS. The output frequency of the 800 eha_l
be 2127 el5 cps for "0" bi_ and 2K73 i15 cpe for a "i" bit.

6.2.2.3 CommBnd Generator (S_ec. No. 222_21, R_V. G)

• a) Commnd programmer oscill_tor: 38_ cpm 1.05

percent,i
b) Countdown _tios: 4:1 and 8:1 f0x_Ing two sauaze

raves, 96 cps 1.05 percent and 48 _ e.O_ percent.

c) Square wave rise tim_: iO _ eec..H

of eight pushbut_ numb@red _ero _n_Ag_ seven.

e) Cmmund Generator ou_A_: Serial _in of
Y Manchester coded _inary bi_e n_vi_ _ vol_e da

level for a one bi_ cad 0 vol_e de level for
_ zero bit.

6.2.2._ CoxmamdPrtn_er (S_oc. Xlo.222_L'Tjl_lv, C)_ The

pr_ntou_ Of the_rau_n_1:1_odcxxma_ e_ %_e_ae.otee_ _mmeJ_en. !
a) Theprla_ed_eeordeha_AeoaeAe_o_'11 eolu_aeof

i prtn_ in & 12-eoluum _ma_,

b) Characters: 0.085 in. vlde - 0.I_ in. hi_

- e) _.n_4a__e, a _ _Aaee_e_Hem_





6.2.2.7 Automatic Tape Entry Mode - Commend Subsystem TV

:_: a) Frame Rate: NominLl frame rate for CDC S/C
synchronized tape modes shall be one frame every

3.6 sec. in the normal mode. The automatic

synchronized command system shall cause a maximum
time delay of equivalent to one frame in fifty

durln& a prolonged sequence.

b) Number o: command without char_in_: tape: A _ape

reader-spooler,comblnatlou shall oe capa(,lecf
storing up to lO,OOO commands without ct;an_in_
spools or switc_ing to an al_er_ate confi_juration.

6.2.2.8 Con%sand Su_s2/stemUplink BER

a) Keyboard Mode: The command subsystem s::all:.ave
a BER, at _he SCO input terminals i x iC-_.

b) Automatic tape entry mode: The command subsystem
shall have a BER at the SCO input terminals
_-i x lO'>.

6.2.3 Recordin_ Interfaces: The CDC shall provide suitablebufferlng to record on playback at specified signal levels on the followlr_
DSIF recorders,

CEC 36 Channel Oscillograph
8OO

FR i_00

CDC aignala to be recorded on FR 1400 and FR 800 are summarized in Table

and signal characteristics are listed in Table Telemetry si6nals

to be recorded on the CEC oscillograph are listed in Table

6.2._ Tele'v_,_ 8_bl etem ¢. HO 0 Roy C' Thle
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NOTE

The DSIF TVGDHS - Television Ground Data
Hsmdllng System - Document S. O. and R.

No. FOT-2-110 - is the prinmry system.

The }{ACTV subsystem specified here shall

be considered backup to the primary system.

0.2._,i Normal TV Monitor and Photo Recorder

6.2.4.1.1 Monitor Display: Each CDC snail provide at least one
re_l time display of the TV Im_e. The primary ;%_rpose of the display is to

allow the console operator to monitor and verify proper operation of the
cameras. During surveys of selected areas, manual control may very well be
ased; hence, the monitor display should be of hlg/qenouMh quality to allow

the console operator to perform the focus and (if necessary) Iris control
functions. However, display of the full resolution inherent in the video

si6nal is not a requirement.

a) Output at video m_nitor in response to step input

pulse from the 8/C: S 5 percent overshoot.

b) Peek horizontal sync Jitter &t predetection SNR of
i1.5 I_4S/RMS dO: Si3 pixel$.

0.2._.2 Emergency TV Monitor _nd.Photo Recqz_er

a) Overshoot in res;_nse to a step change at S/C

"" system Input shall be S _.
%

b) Pee_ horizontal ey_c Jitter at predetectlon _R

of 5.9 dO: _ i 5 pixels.

6.2._.2.1 Photo r& Ac Reco,_i : The entire _otograpalc
recordi_ system is required to mchieve & rel&tlve ree_nae (squaze w_ve)
as follows:

N(TV lines ) " Relative Response
/

200 0.9
_0 0._

/

500 o.3
600 o,z

- _'I__o_'_IIm41e_,ete_ ,_et be ee,_eb_ ot _.otoS,'&_.ceA24 eo_,a_ be-,,__e
-" VAdoes_,_l aa4 _e _%'me_,dew_Lt'Los_,oada_ exe],_f4a_ _4_.eoa cad

I TM .................. [,,,m,.........................."

_, ' ..... !__,a_., l-'--w ' i.-- ,c

,;,, .'.
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6.2,5 8yetem Telter: The system tester simuAatee the S/C

{_ for the purpoee of testin8 the _C._ Speciflcationsor a_or p,_.stemtester, components are:

274004 - S-Band Transponder

27_006 - Command Decoder

223160 Rev, Z - Random _oile Generator

223154 Rev. C - TV/PC_ Generator

2231_5 Rev. C - IF OecillatorTeot Se_

288723 Rey.A - Co_d and Dsta Handling System
Te=_ Set

_! 6._ Orb2._Determir_tion: DetermAnatlonof the t_eit tr_ector7
_ ehall be acc_=pliohedat the _OF bued upon do_er veMoelt_ _d l_e
_::' poeltlon data.

6.3.1 Accuracygem__ea!a.tat lJmmet:2_ae_ree a_=,m
error of the laJt orbit deter_i_ion lone prioz' to the eendin6 of germinal

_ • • Ineuver eonRm_dse]_811 result in no li_e_ter than the fo_r4s ez_ore ia theunbraked Ispe=t ve_iableo.

_ 6.3.1.1 Tt_e o_....l_,cI: ii0 _ec (_e_alred)l13 ee_
_ (de,ired).

Ca)
6.3.1,t _tu.de o_ U.nbr=_la_¢_ Ve_oett_,t=3 =,_e_/=ee .

_ k

}

_ ":_ ._ _ ,, , , , , ,,, i ............ III I " -- i i i i Ii I III

•
;r
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6.3.1.3 Direction of Unbraked Lm_act Veloclty i < 0.18 deg (I) for

_ (_)....vertical impact trajectories: < 0._0 deg for _5 degree impact trajectories
(thlacorresponds to a 30 km[I) miss vector error)•

, 6.3.2 Timing Requirements on Orbit Determinations

6.3.2.1 The first orbit determination shall be completed no
later than 4 hours after launch.

6.3.2.2 The orbit determination to be used for the midcourse

correction computation shall be completed at least 2 hours prior to the time
the midcourse correction is to be implemented.

6.3.2.3 The orbitdetermination to be used for the terminal

descent calculations shall be hampleted at leut 3 hours prior to unbraked
impact.

(_> 6.3.3 Standard Trajectory Data: Post injection standard tra-
jectory data ,hall be supplied by the S/C contractor to JPL at leMt seven

weeks prior so launch. There shall be a minimum of three trajectories across
the perminlble launch window for each launch day.

Q

6._ MAAe_r_e Guid_nc e Prc_r_u. The midcouree correction computations //
shall be pe.rfol_e4 at _he _OF, Prc_ram| for the normal mideour|e correctlon /
a| well u those for emer|ency proceduru under.abnormal miee .conditions or
certain abnormal 8/C c_dition| |hall be supplied b_ the 8/C contractor.

" 6._.1 tom t&ti T ohni u | The midco_ree correction compu-
/_ _atien technique eha_l be an iter&_[ve _o_Aure in which etoralle of influence

coeft'ic%ent8 ie not req_Ared.

,,_-,_._;_:i.._','_' ":" "-:" " i..... ,.- ,,......:_.:.:,;_.,:.._: ...... -_ . , • - _ :4.
:.,..:_.;_,., .... . . ,_i. ....................... _,".":"_-""......... ,/.._i.:..:'..,."7._-"

_,_
...... _ ' " ' ' " "' ............ _" '" ...._',_L II
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6._.2 Lnputs: The inputs to the midcourse guidance program

_-i shall be the best estimate injection conditions, the desired landin6 site,time at which the mldcourse correction is to be made, as yell ax other
pertinentS/C and System parameters. These constant parameters shall be
suppliedno later than 2 months prior to launch.

t

6.4.3 _: The outputs of the aldcourn guidance proEra_
shall be the two maneuver angles, the velocity increment, the time tolerance
over vhich the correction is to be made, amergnncy fuel requirexentsand
emergency landing site locations.

6.4.4 Com_utationTime: This program shall require no more
than 15 minutes running time on the SFOF camputer.

6._.5 Midcourse Guidance CoaDutati_ Error: The contribution
to the mldcourse correctionaccuracy _sectic_ 3.6._) _ue to the mldcourse
guidance computationprogram,shall be less than 5 ks.

6.5 Terminal Guidance Pro&ram: The terminal guidance emapu_atione
shell be performed at the SFOF. ProErams for the no_ tez_alnalguidance
computationsas well as those for emergency procedures 8ha_l be 8upplled by

) the S/C contractor.

! (,_ 6.5.1 Cam_utatio_Teehnlque: The terxAnal gui&anee eeMputa-
tluns shall be performed with an itera_ive prooedure in eanJuaetlenvlth _he
beet model available which describes the terminal phue.

.:. /

6._.2 Zn_uts: The inputs to the _ena_nal gu$&aaee _eEram
shall be the best estimate tra_eetorM data and o_her pertlneat 8/C and xy|tem

_ parsee:era. These e_stant parameters shall be eupp_£o4 no _er than 2
mc_th8 prior _o launch.

.o

6._.3 O_ut,: The output, of._he _eminal l_Aaaaee _eErsa
ehall be_the three aaneuver aaslee for the g/C, ".he _:Lse _or audits, radar //
actuation,the enEiae ignition Slew dolaM, the vernier ea&_ae _t level, /
and the plane_ arra_ polar anllle.



t

6.5.2 Com_uta'_ion Time: Thi| program shall require no more

-_ than i0 minutes running time on the SFOF computer.

6.6 Englneerin_ Data Reduction: It is required that S/C telemetry
data be presented to S/C performance speclalists at the SFOF in a manner
readily interpretable for determining S/C status and planning sequence modi-
fications under non-standard conditions. Data processing requirements include

detection of bad parity, scaling to engineering unibs, reference voltage and
functional calibration, alarm monitorlng; and accuracy estimation. Real time

(- i second delay) alarm monitoring and limited processing are required for
some channels during critical sequences. SFOF computer programs shall be

developed to satisfy these requirements.

6.6.1 _. Input data consists primarily of raw S/C
. telemetry after demodulation and decommutation.

6.7 Power Man a_emen} Program: EstLmates of present battery charge

_ conditions and predictions of future battery charge conditions are required
to assist sequence planning during transit and lunar phuee. A SFOF computer

program shall be developed for this purpose.

6.7.1 _ The program shall operate from the following

input data:

i) Commands and times already sent to S/C "

2) Operational events and times in the planned

sequence • /
• " 3) Telemetered S/C power system data

_) Temperatures of power system components from

Thermal Manag.ement Program.



6.7.2 Outputs l: The program shall provide the following date

._ as principal output:

t i) Estimated battery charge condition

2) Variance in estimated battery charge condition

3) Power dissipation versu| time in |pecified
components for use by the Thermal Management

: Program.

_.8 Thermal Manaaem,en_ Prog;am: Predictions of various S/C coml_ment . . .
temperatures are required to assist sequence planning in non-standard conditions.

A SFOF computer program shall be developed for this _urpo|e.
%

6.8.1 Inpu,tn: The pr_ram shall operate from the following
input data:

i) Telemetered S/C temperatures

_ 2) Power dlssi_tiona from l_r Man.ernest Program

Z"

_) c_p=ont vi,w:actor,co ,p,e,

5) Sun m_lee aaa _roJec_ed are_ of eempc_ente.

6.8.2 _ TheproEram.ohallprovi4epredAote_ceapcment
temperatures.



b.9.1 InPuts: The program,snall operate from the following
_* principal input data:

i) Time at which computation Is to be performed

2) Ephemeris of sun and earth in lunar coordinates

3) Nominal roll attitude at touchdown

4) Latitude and longitude of landing &ire

5) Telemetered solar panel and planar ar_'aygimbal
angles and estimated _ispersions in these angles

6) Maximum lunar surface slope expected

7) Star directions in TV camera coordinates

8) Gimbal angles immovable or otherwise specified.
0

•6.9.2 _t_ The program shall provide the following
output data"

l) Nominal sun direction after landing and corres-
• pondlng gimbal angle.

2) Loci of possible earth directions and corresponding

•t. ) gimbal angles after sun direction has been determined.

3) Attitude matrix describing the orientation of the
S/C in selenographic coordinates.

4) Angle between S/C roll axis and local vertical and
e_ror estimate.

5) Gimbal angles for repositioning of solar panel and
planar array.

/6) Optimum glmbal angles and deviatioaa for non-standard

planar array and |olaz panel orientations and drive /
failures.



o.lO T,e],ecomm_nlcationa Pro_rLm: Predlc_ionn of mlCnal-to-noise ratiomargine in the D'SSreceiver ae a function of trajectoryand component parametera
for all Surveyor data and command model are required to aaalet eequence planning
in nob-standardconditions. A $FOF computer program ahall be developed to
provide this data.

6.10.1 InJputa: The program shall operate from apecified S/C
and DSS parameters and trajectorydata.

i

!

!



7_0 TRAJECTORY AND GUIDANCE REQUIREMENTS

, 7.1 Boost and Injection Phase

7,,i.I The boost _nd injection trajectory is that portion of

the trlJecto_j starting at llft-off and enflng with injection into the %rans-
lunar trajectory.

7.1.2 Launch Site: The launch site shall be complex 36 of
the Cape Kennedy, Florida facilities of the Air Force Eastern Teat Romge (AFETR).

7.1.2.1 Pad 36A

Geocentric Latitude 28.5106 _eg. _rth

Imngltu_ 279._618 deg. Fast

7.1.2.2 P_I 30B

/

Geocentric Latitude 28.9075 geg. North
Longitude 279.M588 _eg. Faat



] 7.1.4 Landing Area of Interest: For the purpose of selectinglaunch days on which tr'aJectories will be designed, the area of interest for
Surveyor landings is in the region bounded on the west by _5° selenographic

longitude and on the east by the off-.vertical landing capability of the space-
craft.

7.1.5 Launch Day Restrictions: For the purpose of selecting

launSh days on which trajectories will be designed those days which meet the
following criteria shall be considered:

i
7,1.5.1 Direct Ascent Missions

7.1.5.1.1 Launch window greater than zero minutes

7.1.5.1.2 Launch vehicle flight performanc reserve greater than
zero pounds.

7.1.5.1.3 Launch azimuth between 80 and ll5 degrees east of true
north.

7.1.5.1.4 Landing between 20 hours before the morning terminator

and 72 hours before the evenin_ terminator in the area of interest defined
in Paragraph 7.1.4.

7.1.5.2 Parking Orbit Missions
: •

7 __') 7.1.5.2.1 Launch window greater than zero minutes

+_ 7.1.5.2.2 Centaur parkir_ orbit coast time between 116 seconds+
and 25 minutes.

¥

+ 7.1,5.2.3 Launch azimuth between 78 and 115 degrees east of true
" north. ,

7.1.5.2.4 Landing between 20 hours after the morning terminator

_ and 150 hours before the evening terminator in the area of interest defined

_ inears_raph7.L_.

! • 7.1.6 Launch Azimuth Versus Time of Lift-Qff: On each day

for which launch vehicle guidance constants are to be detel_ined, the

implementation of the exact relationship between launch azlmath and the time
• of lift-off shall be the responsibility of the launch vehicle contractor.

i Parameters 66• 7.1.7 Post Lift-Off Tra ector : For nominal

hour trajectories, the par me ers s as o owl:t

7.1.7.1 For direct ascent traJee1_o_le|:

"_ Twice Vie Viva _nergy (C3!: -0.8_ to

++ -i.7o e_ , , ...... _,,

! .,, "'"'•................... I-°"'+;+•_+ dl_ StrOll SlrSTlllFu'llCilOliil£ilill.i_:llliili_ Io

I. .,,, ," , l,liw,+,iml!i lliiillili -
I _. If.- _++ - ILl ` II . II ItlJll I. " __ + II . II I I II I I I I II I ] I II ' • "

,. - < <+_7_( +._.,...'+.>,. :,..L<t..%&+.{............. , .- .....,_.;.__;........ . ,
i _7_" +t+',+,_!_;_ll/itl_i_i_ ...... + + , < ...... . .... : "'; " " U. II . - l,m,, lillill I_11 ill " "<',,, +.--.• +_++,,.+.-_+-.-+j._,+,<,.7.:+. _ . ..... • ;- . . " , .. ,.. , . :'_
CLi_._.+,> :" _+_<_'c_-_+.";.-.".... -+ ,:" i .. " "+.-_.' .++,'.+,,.,'.-.• . '...... • " " ,..... .+
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:_ Nominal Perigee Altitu_e: 90 n. mi (167 Era)
G

Injection _ Anomaly: -8 to +15 8_ees

Nominal Boost Arc: 27.5 degrees

%



7.1.7.2 For parking orbit trajectories:
@

Km2/sec 2
( Twice Vis Viva Energy (C3): -0.85 to -1.85

Nominal Parking Orbit Altitude: 90 n. mi (167 Km)

Parking Orbit Coast Time: 1_6 seconds to 25 minutes

Nominal First Boost Arc:' 20 degrees

Nominal Second Boost Arc: 8 degrees

e

7.1,8 Specification of Target Criteria:

7.1.8.1 Target Criteria

Launch Days - calendar day of launch

Impact Speed - unbraked lunar impact speed

Impact Loaction - selemographic latitude and longitude
of unbraked impact

i /

_- Arrival Time Constraints - earliest and latest time of

unbraked impact

7.1.8.2 Targeting Procedure: The trajectories shall be targeted

for each day so that unbraked lunar impact shall occur a_ the specified speed

a_d location. If, however, for any trajectory the specified speed cannot be

obtained without violating a_ arrival time c6nstraint, that 1M_m_ectory will be
targeted 8o that unbrmked impact will occur at the specified location and the
arrival time constraint.

• ./ /
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7.1.8.3 Tra_eti_ Accuracy: No trajectory shall require more ,
than a 2 meter per second mid@nurse maneuver at 2C hours after injection to

achieve the specified unbraked impact location and'no more than a 4 meter per

second _idcourse maneuver at 20 hours after injection to a_hieve all the

specified target criteria.

"/.2 Transit Phase
i ,

'/.2." Transit Timc:
_ im , m • i

7.2.1,1 £irect A,scent T.rajectories:' For a nominal ._,,hour
trajectory, the actual nominal time of flight fr_ injection to unbraked

impact ".'ariesfrom.•! _o ,5 hours.

/.2.:.2 Parking 'OrbitTra_ectories: For a nominal ,_,_hour
_raJec'_ory,the actual nominal _ime of f11ght from.in_ection to unbraked
impact varies from.:,ito i hours.

e

at Landing" All transit traJect.7.2.2 Goldstone Vi#i.b£!it_.. .
_- sties Sh$11 be designed so that _e spacecraft will be visible to the

Sol.tone Pioneer Station (DSIF 11) a minimum of 2 hours prior to Lnd 3 Itours
: following unbraked impact. Visibility is deflned by the mutual satisfaction

of the following conmtraints: an elevation angleof 5 de|teem,antenna limbal
angle constraints and terrain interference mUks.

0

7.2.3 Unbraked ImDact S_eed Lim_tl: The te_|eted unbraked
lanar impact speed shall be between 2b15 and 26S_tmeters/|ecen_ fer _Irect

ascent trajectories and 2600 _nd 2690 meters/second fez l_'kln_ o_blt
trajectories.

/,
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8,0 SERVICE LIFE AND RELIABILITY 0BJECTIVE8

8.i The service life of the spacecraft as defined in paragraph j_.A_._h._
of JPL Specification 302_0 shall be as an objective, 90 Earth days.

?

8._ The reliability requirements of the spacecraft are defined in
_. plu'agraph 3.1_.2 of JPL Specification 302_0.

8.3 The detailed subsystem and component reliability objectives and
+ concomitant progrm_plan which will insure the achievement of the Mission

reliability objectives are presented in HAC Specifications 22_600, 22_o01,and 224602.

i-

i.

4

+
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3 i + Change Figure 5-2 as indicated by pages 3and 4 of thie EO.

4 Chan_le Fi_zure 5-5 as indicated by pages .5 and 6 of*this EO. "

.
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